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Cacciari et al. JHEP 0404:068 (2004)

Kidonakis,Vogt PRD 68 114014 (2003)

2=175 GeV/ctAssume m
*

CDF Preliminary

Combined(old SLT,all-had)*

0.4±0.6±0.5±7.3)
-1

(L= 760 pb
 (lumi)± (syst) ±(stat) 

All-hadronic: Vertex Tag*

0.5±1.5
2.0±1.0 ±8.3

)
-1

(L=1020 pb

MET+Jets: Vertex Tag*

0.4±0.9
1.4±1.2 ±6.1

)
-1

(L= 311 pb

Lepton+Jets: Soft Muon Tag 0.5±0.9
1.0±1.7 ±7.8)

-1
(L= 760 pb

Lepton+Jets: Vertex Tag*

0.5±0.8±0.5±8.2
)

-1
(L=1120 pb

Lepton+Jets: Kinematic ANN*

0.3±0.9±0.6±6.0
)

-1
(L= 760 pb

Dilepton*

0.4±0.7±1.1±6.2)
-1

(L=1200 pb

Lepton+Track*

0.5±0.7±1.3±8.3
)

-1
(L=1070 pb
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Central Outer Tracker (COT) 
Silicon Vertex Detector (SVX) 

Intermediate Silicon Layer (ISL)

Liminosity Counter (CLC) 

Central EM Calorimeter (CEM)
Central Hadronic Calorimeter (CHA)

Solenoid

Plug EM Calorimeter (PEM)

Wall Calorimeter (WHA)

Central Muon (CMU/CMP)

Barrel Muon (BMU)

Plug Hadronic Cal. (CHA)

Muon Extension (CMX)
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L2 trigger

Detector

L3 Farm

Mass
Storage

L1 Accept

Level 2:
Asynchronous 2 stage pipeline
~20µs latency
<1 kHz Accept Rate

L1+L2 rejection:  10,000:1

2.5 MHz Crossing rate
396 ns clock cycle

L1 trigger

Level1:
2.5 MHz Synchronous pipeline
4000ns latency
<50 kHz Accept rate

L2 Accept

L1 Storage
Pipeline:
42 Clock 
Cycles Deep

L2 Buffers: 
4 Events

DAQ Buffers 

Dataflow of CDF Trigger and DAQ
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 ;8%576!+7�j lk_'&$*)CmL ('&<@"!$&549!6!0( ;9#'&5R<&6!-!<K'*Mn'*6%'& o?p57$ 
&q[mL X'*<(rQ-!6%'c5,'&�! ;$KAsMN<& C'*�! � XT7 ;8Q't<&M[+78/)1'&6!$& (<@),$L 
'*�% ><&),Vu >),<O?p57$�'*�! 8 /8 9!MNE[ ;"%'&578v"!$&540; (<&<;Gs���! ><& (0;578!9S0;EF)1<&<O5,?@-/),032w+7$L576!8!9%<H),$L x'&�!57<& x'*�/)y'
$& (zw6!MN$L H<&57VW HVWMN<{qBVW b),<L6!$& (Vu (8w'C'*5jVWMNVWMN0�'*�% 80/8 <&MN+,8/),E|G`}~578_q�8! ;+,ENMN+,MN-!E[ �"!$&540; (<&<& (<sMN8!0(EN6!9! (9
MN8u'*�!M[<o),8/)1E[P4<&M[<g),$L =� ��mL ('*<g"!$&540; (<&<& (<;r!As�! ($& R578% �5,?�'&�! tmL ('&<oMN<CVuM[<&M[9! ;8Q'*MnI/ ;9�),<�)J<L ;0(578!9
EN ("%'*5,8�r,)18!9#�H$L ;ENE�q|�C),8W�]dof $!hsi��l�C�� (T, ;8Q'*<�As�% ;$& J�( �jMN<�"!$&549!6!0( ;9J-QP='*�% CVWMN<{qBVW b),<L6!$& (Vu (8w'
5,?�57-4mL (0('*<OMN8D'&�! = (T7 (8Q'bG

���! x-/),032w+7$&5,6!8!9v ;<L'&MNVu)1'* ~?p57$o'*�! R'*),+7+7 (9�)18/),E[P4<LMN<;r_As�!MN03��MN<o'&�! =V�)1MN8.$L ;<&6%E['O"!$& (<& (8w'& ;9
MN8D'&�!MN<o'&�! ;<LMN<s6!<& (<~'&�! ="!$& X'3),+e-/),032w+7$L576!8!9� ;<K'*MNVu)1'& ;<o'*5W8!57$LV�)1ENMN�( ~'&�! R'3),+7+, ;9v-/),032w+7$&5,6!8!9
 ;<K'*M[V�)1'& ;<(G`��<o<L6!03��r!Mn'gM[<g8! (0; (<&<*)1$LP�'&5#9!M[<&0;6%<&<o-!$LMN �.!Pe'*�! HVW ('&�!549�5,?� (<L'*M[V�)y'*MN8%+x'&�! �"!$L ('*),+
-/),032w+7$L576!8!9%<~-!6_'~Mn's<&�!5,6!EN9�-� x8%5,'* (9v'&�/)1'�'*�% ;<& >),$L x8%5,'�'*�! ="!$LMNVu),$LPW?p540;6!<s5,?�'*�!M[<o'*�! (<&M[<;G

� �U� ���b���W���W  "  :¡ ¢¤£`¥>¦
§ ¨>¨ © �@� ���R�`� �R�

���! gI!8/),E4<L'3)y'* ;<�5,?/-�5,'*�>'*�! C9!MN-�57<&5,8D�|�ª�«r,�	dxr7),8!9jdHd>r,<L ; �¬�MN+76!$L g­_G[®¯�lr7),8%9jdof $!hsi # #
"!$L5_0( ;<&<L ;<u0b),8°�/)bT7 �'BAC5!ro5,"!"a5,<&M['& ;EnP�03�/),$L+7 ;9°EN ("%'*578%<;roVWMN<L<&MN8%+±'*$*)18!<LT, ;$&<L ± ;8% ;$&+1P^'*�/)1'WM[<

­7²
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!~mL ('*< ®omL (' #%$OmL ('&<
�R)1'*) !_G'&(&($*)+!_G'!(!($ !%G[®,!-$.)+!%G'!"!-$ !%G'!_®0/"1.)+!%G2!(!(!(&

<LMNV#6%EF)1'&MN578 !%G2&- ( 4®3)+!_G'!(!"!7­ !_G[®4!"&7­*)+!%G'!"!(!-/ !%G'!"!%®,56$.)+!%G2!(!(!-$
<L0b),E[ =? )10('*5,$ ®,G'!(!,­7)+!_G'!(!($ !%G ²85-!*)+!%G'!_®4& ®7G2!(&*)+!%G2!7­

��),-!EN v­%Gn®(9�¬/$*)10('*M[578�5,?~ (T7 (8Q'*<uAsMn'*�°):+7M[T, ;8±mL ('WV#6!En'*MN"%ENMN0(M['BP ),8%9°<L0b),E[ �? )10('*5,$j0;57$L$& ;0X'*M[8!+
<&M[V#6!EN)1'*M[578�'*5j'&�! =EN (T, ;E�5,?�9/)1'*)%G

)1'L'*$&M[-!6%'& ;9u'&5J'*�% � ;<L0b),"%MN8!+#8% ;6%'&$&MN8%57<o),8%9�<& XT7 ($*),E4mL X'*<(G;:@T, ;8.'&�!576!+7�u'*�! ~"!$&549!6!0X'*MN5,8�0;$L57<&<{q
<& (0('&MN578!<>?p57$>'&�! .9!M[-a57<L578�"!$L5_0( ;<L<& ;<W),$L �<LV�),E[E|r�-a (0b),6%<& .'*�% . (T, ;8Q'W<&MN+,8/)1'*6%$& �0(578Q'3),M[8!<>'BAC5
'*$L6! �EN ("%'*578%<e),8!9 �( �°?p$&57V� ;<L0b),"!M[8!+ 8! ;6%'&$&M[8!57<;rt9!M[-a57<L578�),8!9°dof $ h i # #�"!$&540; (<&<L ;<W<L'*M[ENE
0;5,8w'&$&M[-!6%'* >'*5�'&�! 8 /8 <&MN+,8/),E�$& ;+,MN578�G=<�6%0324M[E[P�-a (0b),6%<& #'*�% # (T, ;8Q'=<&M[+78/)1'&6!$& (<H0;578Q'*),MN8:57-wmL ;0('&<
As�!M[03��)1$& #AC ;ENE�qBVW5_9% ;EN (9±-QP:576!$R<LMNV#6%EF)1'&MN578�r AC W0;),8 6!<& eMn'H'*5� ;<K'*M[V�)1'& J'*�% ;MN$�0;578Q'*$LMN-!6_'*MN5,8
'*5j'&�! =<&MN+,8/),E�$L ;+7M[578�G

�� =VW b),<L6!$& R'&�! =),0;0( ;"%'*),8!0( x?p57$�9%MN-�57<&578v),8%9Sdgf $!hsi # #v"!$L5_0( ;<&<L ;<O6!<&M[8!+j'*�! >�@? ����AB�
 (T, ;8Q'O+7 ;8% ;$*)y'*57$�)18!9v)#9! ('& ;0('&57$�<&M[V#6!EN)1'*M[578u-!),<& (9v5,8DCE:@�H}O�
)18!9DCx¬�<��=FHGJIK5-!8L 5,? 1M$_GN5
VWMNENE[MN578e XT7 ;8Q'&<;G"�� R0;5,$&$& (0('�'&�! =),0;0( ;"%'*),8!0( xVW b)1<&6!$L ;9vMN8.<LMNV#6!EN)1'*M[578u?p5,$�),ENEa2w8!5UAs8�9!M[<&0($& ;"4q
),8!0(MN (<J-� ('BAC ; ;8�9/)y'3)S)18!9�<&M[V#6!EN)1'*M[578�G.���! (<& .0(57$&$L ;0X'*MN5,8!<#),$L u'&�! �<&),Vu u),<x'*�! u0;57$L$& ;0X'*M[578
? ),0X'*57$L<tM[8j'*�! 8 /8 ),0(0; ("%'3),8%0; ,r_ Xk_0; ("%'g?p5,$@0;57$L$& ;0X'*M[578!<c'*5R'*�! `mL ('t9!M[<L'&$&MN-%6%'*M[578�G����! ~ XT7 (8w'g+7 ;84q
 ;$&)1'*5,$��@? ����AB� 9%5_ (<R8!5,'H0(57$&$L ;0X'*E[P�VW5_9! (E�'&�! #8w6!V#-� ;$H51?c8!578_q 
*qnmL ('&<HMN8 ),8S (T7 (8Q'br�),8!9±AC 
),"!"%E[PW),8�),9!9!Mn'*MN5,8/),E/0;5,$&$& (0('&MN578W? ),0('&57$;G �� �9% ;$&MnT7 O'*�! ~0;57$L$& ;0X'*M[578u? ),0X'*57$t-QPW0;57VW"/),$LMN8!+Jd
�
mL ('&<`9/)1'*)�'*5R<LMNV#6!EN)1'*M[578�G �� o<& (EN (0('c (T, ;8Q'*<@AsMn'*�#'BAC5R57"!"�57<&Mn'* ;EnPx03�/),$&+, ;9�r7?p6!E[E[Px$& (0;578%<L'*$L6!0('& ;9
 ;E[ ;0X'*$&5,8!<�5,$�V#6%578!<;ryAsM['&�#),8>MN8QT1),$&MN),8Q'�Vu),<L<�M[8x'&�! CM[8Q'* ;$KT1),E� ,­*C= PO>f"Q�;@RTS R
®4!,­7CR UO>f8Q�;bG
�� uI/8!9�'&�! u?p$&),0('&MN578 5,?s XT7 ;8Q'&<#AsM['*���; ($&5!r`5,8! .),8%9�'BAg5yqB57${qBVW57$& HmL ('&<;r@),8%9�9! ;$LM[T, .)S<L0b),E[ 
? ),0X'*57$W� '*�! e$*)y'*MN5D51?C'&�! #?p$*),0X'*M[578 MN8:9/)1'*).'*5�'*�! #?p$&),0('&MN578 MN8:<LMNV#6%EF)1'&MN578 ��?p57$R b)103�DmL X'>VJ6!Enq
'*M["!ENM[0;Mn'BP7G����% #$& (<&6!En'*MN8%+.<&0;),EN J? )10('*5,$&<R),$L #<&�%5¯As8 M[8±��)1-!EN J­%G[®,GR���! ;<L W<L0b),E[ J? ),0X'*57$L<�9!5D8!51'
),"!"%E[P�'&5 8 /8 9! (0b)bP4<�-� ;0b)16!<& =?p (A
 (T7 (8Q'*<��!)UT, J)19!9!M['&MN578!),Ea8%578_q 
&qnmL ('*<(G

�� u6!<& u'*�! W'*�! (57$& X'*MN0;),Ec0;$L57<&<{qB<& (0('&MN578!<>+7M[T, ;8�M[8TIK5-1VL]r�As�!M[03�^),$L �®41_GW/�"!-�?p57$J�ª� r�5!G2!
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"!- ?p57$x�ªd>r�),8!9�®7G ­v"%- ?p57$xd�d>G �ZM['&� '&�! ;<L u0($&57<L<Kq�<& ;0X'*M[578!<;r�),E[578!+DAsM['&� '&�! W),0;0( ;"%'*),8!0( ;<
9! (<&0;$LMN-� ;9�),-�5¯T, xAC = ;<K'*MNVu)1'& H'*�! R'*51'3),E�9%MN-�57<&578�0(578Q'*$&M[-!6%'&MN578�MN8D5,6!$s<*),VW"!EN R-QP 9

" � � %+# � #��  1 / ��� � %+# � #�� / � 5 6�8
�g (0b),6!<L D'*�! ($& .M[<#ENMn'&'*E[ e0;578Q'*$LMN-!6_'*MN5,8�?p$&57V 8 /8 9! ;0;)bP_<jAsMn'*�^�; ($&5 ),8%9^578! xmL X'*<#AC D ;<L'&MNVu)1'* 
'*�% >-/)10324+,$&576!8%9:0;578Q'*$LMN-!6_'*MN5,8!<sMN8�'*�! (<& OmL X'�-!M[8!<;r�),8%9S0;5,Vu"/)1$& ='*5u'&�! x57-!<& ($LT, ;9:8w6!V#-� ;$O5,?
 (T, ;8Q'*<�),<O)#T,)1ENMN9!)1'*M[578�5,?�'*�! =-/)10324+,$&576!8%9� (<L'*M[V�)y'* ,G

� ��� ��� � ��� �&�
	 
�����#�� ��#+� '&�&
����������
�
� � � ��� � � � ����� � � � !������
��� ��� �
����� � � � � � � � �
��<uMN8�'*�! 8 /8 9!MNE[ ;"%'&578 ),0(0; ("%'3),8%0; ,r�'&�! :),0(0; ;"_'3),8!0( S?p57$W9!MN-�57<L578 ),8%9Zdof $ h i # #  (T7 (8Q'*<
9! ("a (8!9!<J5,8�0(57$&$L ;0('&E[P M[9! ;8Q'*Mn? P4MN8!+�EN ("%'*5,8!<=MN8 '*�! e<&M[V#6!EN)1'*M[578:MN8:'*�% u<&),Vu jAg)bP�)1<>M[8 9!)1'3)%G
� <LP4<L'& ;Vu)1'*M[0u6!8%0; ;$K'3),M[8Q'BP 5,?H®7Gn®"!�M[<>)1"!"!ENM[ ;9 '*5�'*�! u),0(0; ;"_'3),8!0( u?p$L57V 6!8!0( ;$L'*),MN8Q'BP MN8 '*�% 
0;5,$&$& (0('&MN578D? ),0X'*57$(G

#$�%�&���'� �"� ��( � �*) �
���! C9!MN-�57<&5,8J),8%9jdof $!hsi # #j),0(0; ("%'3),8%0; o)1EN<&5O9! ("a (8!9!<`578x'*�! �mL ('� ;8% ;$&+1P><L0b),E[ ,G���5~ ;<L'&MNVu)1'* 
'*�%MN<�6%8!0; ($L'3)1MN8Q'BP7r7AC o6!<L g'*�! g<*),VW gVW ('&�!5_9#),<� (Vu"!E[5UP7 ;9#?p5,$�'*�% 80/8 ),0;0( ;"%'*),8!0( ,rw-!6%'�'*�!M[<�'*M[Vu 
MN8S)�<*)1Vu"!E[ >51?C�	�  XT7 (8w'&<R+7 ;8% ;$*)y'* ;9:-QP �@? ����AB� G �� >T1),$LP�'&�! OmL ('� ;8! ($&+,P�<&0;),EN >-QP )j®
<L'*),8!9/)1$&9W9! (T4MF)y'*MN5,8�rw),8!9e'3),21 O),<@'*�! O6!8!0( ;$L'*),MN8Q'BPe578% O�!),E[? '*�% O9%M,+a ;$& (8!0; OMN8j'&�! O),0;0( ;"%'*),8!0; 1G
�� HVu ;),<&6%$& H)><LP4<L'& ;Vu)1'*M[0H6!8!0( ;$L'*),MN8Q'BPu5,?�/_G2&%!.G`���! R -+  (0('�5,?�'&�! cmL X'� ;8% ;$&+1P�<L0b),E[ �MN<CEF),$L+7 ;$
?p57$c9!M[-a57<L578W),0;0( ;"%'*),8!0( ~'*�!),8u?p57$`'&�! O<&MN+,8/),E ),0(0; ;"_'3),8!0( ,G@���!M[<CM[<c9!6! s'*5='*�! )( ��9!MN<K'*$LMN-!6%'&MN578
5,?�mL ('*<x<& (EN (0('* (9�MN8 '*�%MN<=<*),VW"!E[ eAs�%MN03��)1$& e"!$&549!6!0( ;9�'&�!$&5,6!+7��.0/o��$*),9!MN)1'*M[578�r�As�!M[03��? ),E[EN<
 Xk_"�578! (8w'&MF),E[E[P,G����! s<&"� ;0X'*$&)>5,?a<& (EN ;0X'* (9�
&q[mL X'*<@?p$&57V	'*�! 8 /8 <&MN+,8/),E!9! (0b)bPe$&M[<& (<t<LEN5UAsE[P,rw-a (0b),6!<L 
'*�% ;<& �mL ('&<~+7 X'~)W-�5_5,<L's?p$&57V�'*�! xEF),$L+7 =V�)1<&<s5,?�'&�! ='*57"vzw6/),$&2 Go�~<�)e$& (<&6!En'br 9!M[-a57<L578v (T7 (8Q'*<
),$L xVW57$L H<& (8!<&Mn'*M[T, x'&5e03�/),8!+7 (<~M[8D'*�! gmL ('s (8! ;$L+,PD'*�!),8 8 /8  (T, ;8Q'*<(G
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#$�%��� � ) � � � ) � ��� � ��� ���"�"� � � � � �
���! OmL X'HV#6%E['*M["!ENM[0;Mn'BP.0;5,$&$& (0('&MN578S? )10('*5,$j�K®,G'!(&()E!%G2!7­Q���/),<H)u8!5784qB8! (+7ENM[+7MN-!E[ R<L'*)1'*M[<L'*M[0b),E�6!8%0; ;${q
'3)1MN8Q'BP±5,? /_G'/ !.G#���!M[<xM[<�'3)12, ;8�),<=)D<LP4<L'& ;Vu)1'*M[0j578:'*�! e9!M[-a5,<&578 ),8!9�dof $ h i # #  ;<L'&MNVu)1'* 
),0(0; ;"_'3),8!0( ,G

� ��� ¢°£`¥>¦Y§ ��� "  :¡ ¢°£`¥J¦\§ ���

���! u�H$& (ENEnq]�C),8:"!$L5_0( ;<&<L ;<(rcdof $!hji -.-�),8!9^dgf $!hei ? ?\r�$L ;"!$L ;<L ;8Q'#<LMN+78!MnI/0b)18w'x<L576!$&0( ;<x5,?
-/),032w+7$L576!8!9° (T, ;8Q'*<.-� ;0;),6!<L �5,?~'*�! (MN$eEF)1$&+7 D0($&57<L<KqB<L ;0X'*MN5,8 ),8!9�'*�% �? )10('e'*�/)y'W'&�! (P�0(578Q'3),M[8
'BAC5S$& ;),E@EN ("%'*5,8!<=MN8:'*�! eI/8/)1E@<L'3)y'* ,G �g (0b),6!<L u'&�! ;$L �),$L e8!5�8% ;6%'&$&MN8%57<=MN8:'*�! eI/8/)1E@<L'3)y'* e5,?
dof $ h i -.-D57$jdof $ h i ? ? r@<L6!03�� (T, ;8Q'*<e"/),<L<j576!$><& ;E[ ;0X'*MN5,8^578!E[P As�! (8^'*�! XP��/)bT, .? ),EN<L 
�( �¤9%6! �'*5±'&�! .VWMN<{qBVW b),<L6!$& (Vu (8w'>5,?O578! �57$JVW57$& u57-4mL (0('*<jM[8�'*�% . (T, ;8Q'bG�¬/57$J lk!)1Vu"!E[ ,r`Mn?
),8  ;E[ ;0X'*$&5,8:+75_ (<RMN8Q'*5�).0($*),032SMN8S'&�! j0b),E[57$&M[Vu X'* ($;r 8%5,'=),E[E�5,?tM['&<�'*$&),8!<KT7 ;$L<& W ;8! ($&+,P�AsMNE[E�-� 
0;5,6!8Q'* ;9eM[8#'*�! e�( �u0b),E[0;6!EN)1'*M[578�G���8!51'*�! ($@ Xk%),VW"!EN CMN<@)HV#6%578#As�!MN03�e (VuMn'*<`)H-%$& ;VW<&<K'*$&),�!EN6%8!+
"!�!51'*578eVu)UPJ),"!"� b)1$�'*5=-� s)H"a ($L?p ;0X'c ;E[ ;0('&$&578e5,?�V#6%03�WE[5UAg ($@ ;8! ($&+,P>'*�/),8j'&�! �57$&M[+7MN8!),EwV#6!578�G
�B8�'&�!MN<C<&M['&6/)1'&MN578�rQ'&�! HV#6!5,8�MN<C8!5,'g$& ;0(578!<K'*$&6%0('* (9�r ),8!9u'*�! 
		�v5,?�'*�% �V#6!5,8.MN<C57VuMn'&'& ;9e?p$&57V
'*�% ��( �:0;),EN0(6!EF)y'*MN5,8�G

���! ;<L .<&5,6!$&0( ;<#5,?o<&"!6!$LMN576%<S�( ��),$L uVWM['&MN+Q)1'& ;9 MN8 'BAC5SAo)bP4<;G�¬�M[$&<L';r�'&�! ��( ��0(57$&$L ;0('&MN578%<
),0(0;576!8Q'�?p57$�2w8!5UAs8J<&5,6!$&0( ;<�51?%? ),E[<& =�( �v� F4 ; F_ ;0X'*MN5,831%G21�?p57$�)O9! (<&0($&MN"_'*MN5,8x51?%'*�% C0(57$&$L ;0('&MN578%<3�XG
�� W$L ;zw6!M[$& #'*�!)1'=8!5�"!�QP4<&MN0(<>5,-4mL ;0X'>M[8:'*�! j XT7 ;8Q';r�"!$LMNVu),$LP�57$H'*$&),032±E[ ;"%'&578�r�57$CmL X'��±"�57M[8w'
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? ),0X'*57$s8! ( ;9! (9±'*5�-%$&MN8%+W'&�! >8w6!VJ-a ($~5,?` Xk4'*$&)RmL ('&<~+, ;8! ($*)1'& ;9±-QP �@? ����AB� 6!"v'*5�Vu)1'&03��'*�% 
K1L�M�NPO&QSRTQSUVO&QWUYXZR\[^]�_�XZNZ`WQSRaUV_bQdcGeafgQWM�NhO&Ni_j]�k�lmNn`SO�UYOoUV_�OWUqpr_�UtsuXZRa_bQhv
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����r!'&�! R?p$*),0X'*M[578.AsM['&�� ;),03�jmL X'OV#6!E['&MN"!E[MN0(M['BP
!�mL X'*< ®gmL (' # $~mL ('&<

/ :+� !%G ­($*)+!_G'!-$ !%G21(!*)+!%G'!($ !%G'!"&.)+!%G'!_®
/�� �	�t� /�� F !%GW/1­7)+!_G'!-$ !%G21(1*)+!%G'!($ !%G[®,®E)+!%G'!_®

�;G�F !%G ­"&7)+!_G'!(1 !%G'$( .)+!%G'!($ !%G'!(/ )+!%G'!_®
�7�Br��p846%V#-a ($sMN8!<LMN9! E ,­¯q3®4!7­.CR UO>f8Q � ���%� 8w6!V#-� ;$s576%'&<&M[9! U�

!�mL X'*< ®gmL (' # $~mL ('&<
/ :+� ®7GW$"/*)+!_G'!7² !%G ²7­*)+!%G[®,! !%G ²_®E)+!%GW$8!

/�� �	�t� /�� F !%G25%®3)+!_G'!"5 !%G21%®>)+!%G'!85 !%G'185*)+!%G'!"&
�;G�F !%GW/8!7)+!_G'!7­ !%G'/"!*)+!%G'!,² !%G'&,².)+!%G'1_®

��),-!E[ x­%G'1�9��B8!"!6%'&<s'&5W'&�! x�H$& (ENEnq]�C),8. (<L'*M[V�)y'* �?p$L57V�<&M[V#6!EN)1'* (9vdof�� h i ���¯fm���� (T, ;8Q'*<(G

9/)1'*)%r/),<s9! (<&0($&MN-� ;9vMN8�<L ;0('&MN578�­%Gn®7G@���!M[<OM[<s),"!"!E[MN (9�),<O)e0(57$&$L ;0X'*MN5,8v? ),0X'*57$o'&5 �7��G

��!#"$!�� � 0n2�<P: , *,- :Z: ��� <P2
	 <i.���
�*,(�8;2���� � /,0 	 <=/ -

�� ),<&<L ;V#-!E[ ±'*�! :M[8!"!6%'&<.?p$&57V ��)1-!EN (<�­%GW$�)18!9\­%G'1�),8%9 MN8!<L ;$L'D'&�! ;<L MN8Q'*5^ (z46!)1'*M[578!<�­%Gn®
'*5: (<L'&MNVu)1'* W'*�! �'&5,'3)1Eg-/),032w+7$L576!8!9^?p$L57V�dof�� h i ����),8!9�dgf�� h i ���  XT7 (8w'&<;G����! .I/8/),E
dof��!h�i ���>),8!9�dof��!hsi ��� 0(578Q'*$LMN-!6%'&MN578%<s),$& R<L6!VuVu),$LMN�; (9�MN8���)1-!EN =­%G'/_G

��!#"$! � 5���� / -
	 <=/40Z.�� 2�.o-�* / <P0n2>/40Z-
�
���! DEN),$&+7 (<L'j6%8!0; ($L'3)1MN8Q'BP^578�'&�! vdof��!h�i ���¯fm��� -/)10324+,$&576!8%9� (<L'&MNVu)1'* .M[<J'*�% D<L'3)y'*MN<K'*M[0b),E
6!8!0( ;$K'3),M[8w'BPZ9% ('* ($&VWMN8! (9Y-QP '&�! <&MN�( �51?>'&�! �M[8!"!6%'�9!)1'3)�),8!9\<&M[V#6!EF)y'*MN5,8 <*),VW"!E[ ;<;G ���!M[<
6!8!0( ;$K'3),M[8w'BP�M[<@$"!%!.G

���! J<L0b),E[ >? ),0X'*57$s0(57$&$L ;0('&MN8!+W'*�! >8w6!V#-� ;$O5,?@ Xk4'&$*)=mL X'*<�"%$&549!6!0; (9±-QP �@? ����AB� r�As�!M[03�SM[<
),"!"%ENMN (9S)1<~)W0;57$L$& (0('*M[578�'*5�����r �/),<~)u<K'3)1'&MN<L'&MN0;),E�6!8!0( ;$K'3),M[8w'BP�As�!M[03�±),E[<&5W0;578Q'&$&MN-%6%'* (<O'&5u'*�% 
5UT7 ($*),E[E�<LP4<L'& ;Vu)1'*M[0R6!8!0; ($L'*),MN8Q'BP7GP�� >)1<&<&M[+78v)*/_GW/ !�<LP4<L'& ;Vu)1'*M[0R6!8!0( ;$L'*),MN8Q'BP,G
�� =)1EN<&5j0(578!<LMN9! ($o'*�/)1'�'&�! R$& (ENMN),-!MNE[M['BPj51?�'&�! R$*)y'*MN5,<oVu ;),<&6%$& ;9�M[8D<&MNVJ6!EF)1'&MN578u9! ;"� ;8%9!<s578
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'*�% �),-%MNENMn'BP±5,?C'*�! u<&M[V#6!EF)y'*MN5,8±'*5vVu549! ;E@'&�! �����^?p$L57V VuM[<Kq�Vu ;),<&6!$L ;9 57-4mL (0('&<;G �� WVu),2, u)
zw6/),8Q'*Mn'3)1'&M[T, C0(57Vu"!),$&M[<&578x-a X'BAg ( ;8e9/)1'*)~)18!9#<&M[V#6!EN)1'*M[578R-QP>0(57VW"/),$&M[8!+s'*�! t?p$*),0X'*MN5,8>5,?! (T7 (8Q'*<
),-�5UT7 J'&�! ±������ $(/ CR UO '&�!$& (<&�!5,EN9±M[8±9/)1'*)�),8!9S<&MNVJ6!EF)1'&MN578 G���5.9%5u'*�%MN<~AC JI/$L<L'~I/8!9±'*�% 
?p$*)10('*M[578J51?/ (T, ;8Q'*<`AsMn'*�±������
$(/ CR UO�MN8J9!)1'3)%G �� t'*�! (8#0b)1EN0;6%EF)1'& tAs�/)y'�'*�%$& ;<L�!57E[9��W),"!"!E[MN (9
'*5j'&�! =<&MNVJ6!EF)1'& ;9�9/)1'*)jMN<�8! (0; ;<L<*),$KP�'*5eI/8!9�'*�! =<*)1Vu H?p$&),0('&MN578�5,?� (T, ;8Q'*<~5¯T, ;$s'*�! R'&�!$& (<&�!57E[9
��G �� #I/8%9 '&�! #8! (0; (<&<*)1$LP:'*�%$& ;<L�!57E[9�r�� ( $85DCR UOeG=���! j-!),032w+7$&576%8!9�M[<�'*�% ;8 $& (0b),E[0;6!EN)1'* (9
AsM['&�:'*�! e8! XA«'*�!$L ;<L�!57EN9 T1),EN6% 	� ( $V5 CR UOeGj���% u-/)10324+,$&576!8%9�AsM['&�:'*�! e8! XA«'*�!$L ;<L�!57EN9 M[<
?p576!8%9S'*5u-a u®41%G'/ !�EN5UAC ;$~'&�/),8v'*�! >9! (? ),6%E['~ ;<L'&MNVu)1'* 1G��� x'3),21 >'*�% >?p6!E[E�9%M,+a ;$& (8!0; >-a X'BAg ( ;8
'*�% x-!),032w+7$&576%8!9S (<L'*M[V�)y'* ;<s)1<s'&�! =<LP4<L'& ;Vu)1'*M[0R6!8!0( ;$L'*),MN8Q'BP,G

/g57V#-!M[8!MN8%+='&�! s'*�!$L ; O0;578Q'*$LMN-!6_'*MN5,8!<cMN8ezw6/),9!$&)1'*6!$L ~P4MN (EN9!<t)R'*5,'*),E/6!8!0( ;$K'3),M[8w'BPe51?�$(/ !	578
'*�%MN<�-/),032w+7$L576!8!9 G
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 � � �����@��� ����� � ������� � �"!#�`�W 

���! �� i $&% AsM['&�� lk4'*$*)JmL ('&<>"%$&540; ;<L<J0;),8�"!),<&<='*�! W<& (EN (0('*M[578 M[?C578! e5,?g'&�! HmL ('*<=VWMNVWMN0(<R)
EN ("%'*5,8�G.���! u$*)1'& W51?�mL ('&<('/6%0('*6!)1'*M[8!+SM[8w'&5�5,-4mL ;0X'*<JM[9! ;8Q'&M[I/ (9�),<xEN ("%'*578%<>M[<x$&),$& 1r�-%6%'#<LMN8!0( 
'*�% #� i $&%!�ZmL ('&<~0($&57<L<KqB<L ;0X'*MN5,8SMN<�<L5�EN),$&+7 R0(57VW"/),$& (9v'&5 $*)$ 9! ;0;)bP7r '*�!M[<O"%$&540; ;<L<~$L ;"!$L ;<L ;8Q'*<
)�0;578!<LMN9! ($*),-%EN W-/),032w+7$&5,6!8!9�'&5v'&�! u9%MNEN ("%'*5,8 <L ;E[ ;0('&MN578 G.���! W$*)1'& �)1'=As�!M[03�vmL ('&< �{? ),2,  !r�5,$
),$L uVWMN<LMN9! (8w'&M[I/ (9�),<xEN ("%'*5,8!<;r�MN<x<&Vu),ENE[ ;$R?p57$x"!$&M[V�),$KP:EN ("%'*5,8!<x'&�/),8�?p5,$='&$*),032 EN ("%'*5,8!<;G �� 
0;5,8!<&M[9! ;$s-�5,'*��0;5,8w'&$&M[-!6%'*M[578!<o'&5e'&�! =-/),032w+7$L576!8!9�G

��5W ;<K'*M[V�)1'& H'*�! R? ),21 =-/),032w+7$&5,6!8!9�AC =$& (z46%MN$& R'BAC5uM[8!"!6%'&< 9

+ ���! �? ),21 �$&)1'* 1rC'*�% �"!$L57-/),-%MNENMn'BP�?p5,$u)�mL ('e'&5�-� �VuM[<&MN9% ;8Q'*MnI/ ;9�),<u) E[ ;"%'&578�G����!MN<eM[<
"/)1$*),VW ('& ;$&M[�; (9�)1<~)#?p6!8%0('*M[578�5,?,�-�:),8!9/. 01. G

+ ���! =8w6!V#-� ;$s5,? mL ('&<~)1<&<&540;MN)1'* (9DAsM['*�v<&M[8!+7E[ =� <;Gc���!MN<s+7MnT7 (<O6%<~)18�5UT7 ($*),E[E�8!57$LV�)1ENMN�;)yq
'&MN578�?p57$�'*�! x'*5,'*),E�? ),21 J-/),032w+7$L576!8!9 GO���%MN<OMN<s"/),$&),Vu X'* ($&MN�( ;9S),<�)e?p6!8!0X'*MN5,8�5,?��-� )18!9
. 02. G
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���! �? )12, �$&)1'* OMN<C9! ;$LM[T, ;9.M[8�9/)1'*)x?p$L57V
mL ('*<CMN8W'*�! ~�!MN+7�W ;8% ;$&+1P�"!�%5,'*578�<*),VW"!EN 1G����! �"!�!5,'&578
<*)1Vu"!E[ >M[<~6%<& ;9S-a (0b),6!<L #M['~MN<O<&M[VuM[EF),$C'*5u'&�! j� i $&%!�\mL ('*<~<*),VW"!E[ ,r�),8!9±M[<�)WEF),$L+7 x ;8!576%+7�
<*)1Vu"!E[ >'&5D-!6!MNE[9S? ),21 j$*)1'& ;<;Gx���! j-� ;<K'=<*),VW"!EN >'*5D6!<L #Ag576%EN9:-� #'*�! ed �YmL ('&<R<*),VW"!E[ ,r�-!6_'
'*�% ;$& u),$L u8!51'> (8!576!+,�^d �ªmL ('*<x (T, ;8Q'*<>AsM['*� �!M[+7�! ;$gmL X'>VJ6!E['&MN"!E[MN0;Mn'*M[ ;<;GJ���! u'&5,'3),E@8w6!VJ-a ($
5,?� Xk_"� ;0X'* ;9v? ),2, (<sMN<o'*�% R"!$&549!6!0X's5,?�'*�! R? ),21 R$*)1'& ,r/),8%9�'&�! =8w6!V#-� ;$�5,?!mL ('&<O),<&<L5_0(MF)1'& ;9.AsM['&�
<&M[8!+7E[ W� <(r�AsM['*� 0(57$&$L ;0('&MN578%<=?p5,$H'*�! W 
W0;M[ ;8!0XP:?p57$R<& (EN (0('*M[8!+D'*�! HmL ('&<x),<&<L5_0(MF)1'& ;9:AsM['&��� <;G
���! (<& D 
W0(MN ;8%0;MN (<j),$L �?p57$='*�! .5,"!"a5,<&M['& Xq�03�/),$&+, �$& (zw6!MN$L ;VW ;8Q'br`'&�! .$& (<L'&$&MN0X'*M[578�578�'*�! D)18!+7EN 
-� ('BAC ; ;8�'*�! R'*$&),032.E[ ;"%'&578v),8!9°��-��r ),8%9�'&�! >dª-�57<L578DT7 ('&5!G

��!���!�� ����- ��< �+- 
 <=/ -

���! ($& ),$& <L57Vu :<L6!-%'&EN ('&MN (<D5,?='*�! :? ),21 $&)1'* :9% (I/8!Mn'*M[578 '*�/)y'�8! ; (9\'&5�-� : Xk_"!EN),MN8% ;9�G«�~<
"!$L (T4MN576%<&E[P <K'3)1'& ;9�r�'&�! u? )12, .$&)1'* WMN<x'*�! u846%V#-a ($J5,?o57-!<& ($LT, ;9^? ),2, �EN ;"_'*578!<x9!MnT_M[9! ;9�-wP '*�% 
'*51'3),E�8w6!V#-� ;$�5,?�57-%<& ;$KT7 (9v? ),21 b),-%EN H57-wmL ;0('&<;Gt¬ ),2, ;),-!E[ H57-4mL (0('*<s)1$& R),8QP�57-4mL ;0X'�As�!MN03�D"!),<&<L ;<
'*�% D (T7 (8Q'�<L ;EN (0('&MN578!<(r@'*�/)1'#0;576!E[9^-a DVWMN<K'3),21 ;8�),<e)±E[ ;"%'&578�G ���!MN<jM[8!0;E[6!9! ;<e)1ENE�mL ('*<#As�%MN03�
"/),<L<C'&�! ~<L ;E[ ;0('&MN578u0;6%'&<;r4-!6%'g),EN<L5>M[8!0;E[6!9! (<t'&$*),032w<CAs�%MN03�D),$L ~8%5,'C),<&<L5_0(MF)1'& ;9uAsMn'*��)omL X'bG@���!M[<
 Xk_"/)18!<&M[578�51?g'*�% W9% ;8!57VWMN8!)1'*57$H'&5�MN8!0(EN6!9! j'&$*),032w<>),8!9 8!5,'omL6!<L'omL X'*<= ;8!<L6!$& (<>'&�/)1'='*�! j? ),21 
$*)y'* =8w6!Vu ($*)1'&57$�MN<s)j<K'*$&M[0('s<L6!-!<& X'H5,?�'*�% x9% ;8!57VWMN8!)1'*57$(G

���! #? ),21 J$*)y'* #9! ("a (8!9!<R578�'*�! x'BP_"� j5,?amL X'bG��, X'*<�As�%MN03�:57$LMN+7M[8/)1'* (9v?p$L57V zw6/),$&2w<R�/)bT, j)
�!M[+7�! ;$o? )12, =$*)1'& R'*�/),8�9!5HmL ('&<�?p$&57V�+7EN6!5,8!<�<&"!E[M['L'*MN8%+!r%)18!9v'&�w6!<;r/? ),21 x$&)1'* (<sV#6!<L's-� =9! ;$LM[T, ;9
?p$&5,V <*),VW"!EN (<jAsM['*��'*�! v<*)1Vu vzw6/),$&2 �1+,EN6!578°0;578Q'& ;8Q'bG ��57<K'=mL X'*<uMN8�'*�! v2wMN8! (V�)1'&MN0�$& (+7MN5,8
<& (EN (0('* (9�MN8�5,6!$J? ),21 b),-!E[ �57-wmL ;0('#<*),VW"!EN �),<&<L5_0(MF)1'& ;9�AsMn'*��� -�57<&5,8^"!$&549!6!0X'*MN5,8^),$& uzw6/),$&2
mL ('&<;r~),<D<& ( ;8ZMN8Z¬�MN+76!$L ±­%G'$_G ��6!En'*M mL ('. XT7 (8w'&<v),$& :9!5,VuM[8/)1'* (9 -QP "!$L5_0( ;<L<& ;<DAsMn'*� VW57<L'&E[P
+7E[6!578!<(r�),8!9�'*�w6!<RVW57<L'cmL ('*<~57$&M[+7MN8!)1'* =?p$&57V +7E[6!578!<(G �g (0b),6%<& #'*�% #+7EN6%578±V#6!<K'H"!$L5_9%6!0; J'BAC5
zw6/),$L24<(r_As�!M[03��'*�% ;8u?p6%$L'*�% ;$C?p$&),+7VW ;8Q'brQ'&�! �)bT, ;$*)1+7 �03�/)1$&+7 (9."/),$K'*MN0(EN sV#6!En'*M["!ENM[0;M['BPxM[8�)x+7EN6!5,8
mL ('cM[<`�!M[+7�! ;$`'&�/),8eMN8e)Rzw6/),$L2OmL (';G F_5R'&�! s03�/),8!0( O51?�I!8!9!MN8%+x5,8!E[P>578! �'*$&),032JM[<@EN5UA=rQ"!$L5_9!6%0;MN8%+
EN5UAC ;$�? ),21 x$&)1'* (<�?p$&57V�+7EN6!5,8#mL X'*<�'*�!),8�M[8Dzw6/),$&2>mL X'*<(G

�g ;0;),6!<L Wzw6/)1$&2w<=),8!9±+,EN6!578%<H"!$&549!6!0( J? ),21 ;<=)1'�<&6!03� 9!M +  ($& ;8Q'R$&)1'* (<;r�$L ;E[MF),-!E[ ><LMNV#6%EF)1'&MN578
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¬�M[+76!$& u­%G'$�9j�oAC5:"!$&540; (<&<& (<j0;578Q'&$&MN-%6%'*M[8!+v'&5 �K? ),21 � ± XT7 (8w'&<;G:���! �EN (? '>MN<='*�% .9!57VWMN8/)18w'J�
�YmL ('*<R"%$&549!6!0('&MN578S"!$&540; (<&<=MN8S'&�!MN<�<*),VW"!EN 1r�),8!9±'&�! j$&M[+7�Q'HM[< $*)$ 9% ;0b)bPSMN8±'*�% jEN ;"_'*578 �YmL ('&<
03�/),8%8! ;E]G

MN<t$& (zw6!MN$L ;9�'&5>VW5_9% ;E/'*�! O?p$*),+,Vu (8w'*)1'*M[578e"!$&540; (<&<o0(57$&$L ;0X'*E[Pj'&5#),0(0;6!$&)1'* (E[PeVW5_9% ;E/'*�! ~$& (EF)1'&M[T7 
0;5,8w'& ;8Q'~5,?`zw6/),$L2D),8!9�+7EN6%578>mL ('&<;r�),8!9�'*�! ($& X?p57$& ='*�! R'&5,'3),E�? )12, =$*)1'& ;<(G F_M[8!0; R'&�! ><LMNV#6%EF)1'&MN578
9!54 ;<=8!5,'xVW5_9% ;E�'&�! W5¯T, ;$&),ENE�? )12, e$*)1'& e0;57$L$& ;0X'*EnP±Ag e$L ;E[P±578 9/)1'3)D'*5�-!6%MNEN9±'&�! j? ),2, eE[ ;"%'&578
$*)y'* ;<(G��� >6!<& J)u<*)1Vu"!E[ xAs�% ;$& >'*�! x0;578Q'*),VuM[8/)1'&MN578D?p$&5,V�'*$&6% JEN ("%'*5,8!<�M[<O8% ;+7E[MN+7M[-!EN 1r/),<�$L b),E
EN ("%'*5,8!<xAC576!E[9�MN8 ' )1'* j'&�! u? ),21 �$&)1'* 1G �� �<L ;E[ ;0('>'*�! W"!�!51'*578��ªmL X'*<><*),VW"!EN 1r�M[8�As�!M[03��'*�% 
0;5,8w'&$&M[-!6%'*M[8!+�"%$&540; ;<L<& (<>)1$& >'&�! #<&),Vu xAsM['&�S'*�! j� )18!9±"!�!51'*578!<�<LAg),"!"� ;9�G;�� #6!<& J"!�!5,'&578
'*$LMN+7+, ;$& (9:9/)1'*)�AsM['*�±'&�! e$& (z46%MN$& (Vu (8Q'=5,? � �%&(! CR UO '*5�"!$L5_9%6!0; j<LMNVWMNEF)1$O2wM[8! ;Vu)1'*M[0;<R)18!9
<&M[VuM[EF),$tzw6/),$L2 �y+7EN6!5,8v0(578Q'* (8w'�),<�'*�% J� � mL ('&<s<*),VW"!EN 1G

� ( � ���~d��	� �%� (�
 � � �
���! ($& #M[<O5,8! JM[<&<&6% JMN8v6!<LMN8!+W'*�! >"!�!5,'&578S'*$LMN+7+, ;$& (9�<&),VW"!EN =?p57$�'*�! >0;578%<L'*$L6!0('&MN578S5,?`'*�% x? ),21 
$*)y'* ;<(G �B8�'&�! R"!�!51'*578�"!E[6!<�578! CmL X's<*),VW"!EN 1r%0(578!<& ($LT1)1'&MN578�5,?� ;8! ($&+,P�Vu ;),8!<o'&�/)1's (T, ;8Q'*<sAsM['&�
'*�% 	��� 5,?`'*�% smL ('�<&M[+78!M[I!0b),8Q'*EnPDEN5UAC ;$O'*�/),8�'*�! >"!�!5,'&578 ����),$& >$*),$L ,Gs��<H)u$& (<&6!En'�'&�! ;$L #),$L 
?p (A  (T7 (8Q'*<�AsMn'*��As�!MN03��'*5W-!6!M[EN9D'*�! =? ),21 >$&)1'* =MN8�'*�% >E[5¯A �-�±$& (+7MN578 GC���!M[<~5,8!E[P.) +  (0('&<~'*�% 
�; ($&5JmL ('= XT7 (8w'>0;5,6!8Q'>"%$& ;9%MN0('&MN578 r�),8!9 MN<R8%5,'R0;$L6!0;MN),E�'&5�'&�! j5UT7 ($*),E[E�? ),2, e (<L'*M[V�)y'* ,G �g6%'RAC 
0b)18SMNVW"!$L5¯T, R'*�! =<&Mn'*6/)y'*MN5,8v-QP�6!<LMN8!+e'*�% #d	� 578! omL ('O<&),Vu"%EN R'*5W-!6!M[EN9D'*�! =? ),21 >$&)1'* =MN8�'*�% 
EN5UA �-��$& (+7MN578 G#���! �d �
mL ('&<x<&),VW"!EN jM[<=)�8% b),${qB"� ;$L?p (0('>),8/)1EN57+.'&5�'&�! u� � mL X'*<=<*)1Vu"!E[ ,r
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6!".'&5>'*�% H9!M,+a ;$L ;8!0( HMN8u'*�! (MN$tV�),<L<& (<;G+�~8%?p5,$L'*6%8/)1'* (E[Pe'*�% ;$& H),$& ~8!5,'o (8!576!+,�vd ��mL ('*<g (T7 (8Q'*<
AsM['&�±As�!MN03�:'&5D-!6!MNE[9±? ),2, j$&)1'* (<H?p57$H�!M[+7�! ($tmL ('RVJ6!E['&MN"!E[MN0;Mn'*M[ ;<;G �g6%';r�Vu57<K'R (T, ;8Q'*<x�/)bT7 j5,8!E[P
578! `mL (';rQAsM['*�W ;8% ;$&+1Pu8% b),$@'*�% ����D'*�%$& ;<L�!57E[9�G`���! ($& (?p5,$& ,rw'*�% O'&5,'3),E!? )12, O$*)1'& O6%<& ;9u'*5x"!$& (9!MN0X'
'*�% j846%V#-a ($R5,?c? ),2, jE[ ;"%'&578!<HM[8±'*�! j�( ;$L51q[mL X'R9!MNE[ ;"%'&578±<&),Vu"%EN #M[<R).0;57VJ-!MN8! (9:$*)1'& J?p$&5,V '*�% 
"!�!51'*578�),8!9�d "!EN6!<�mL X'*<s<*)1Vu"!E[ ,G

� �*)����
� � � ������� ���'�
	 ��� ��
 � ���
���! DT1),ENM[9!M['BP 5,?O'*�% �'&$*),032�EN ;"_'*578^? ),21 D$*)1'& v0;),8�-a D'& ;<L'& ;9�MN8^-�5,'*��<LMNV#6!EN)1'*M[578^),8%9�9!)1'3)%G
�� u03�!5,<& D)�EN5UAC ;$x24M[8! ;Vu)1'&MN0j'*�!$L ;<L�!57EN9�5,?H®4/ CR UO�?p5,$x-�5,'&��'*�% W'&$*),032 EN ("%'*5,8�),8%9�mL ('&<x'&5
0;5,ENEN (0('H)�EF),$L+7 ;$~<*),VW"!E[ >AsM['&�:Vu5,$& J<K'3)1'&MN<K'*MN0;),E�"a5UAC ;$;G=���! jE[5UAg ($H2wMN8! (V�)1'&MN0='*�!$L ;<L�!57EN9±AsM[ENE
),9!9uV�)18wPOmL ('*<c'*5='*�% ~<&),Vu"%EN s9!6! s'*5='*�! O Xk_"�578! (8w'&MF),E/? ),E[EN5 +�5,? '&�! `mL (' �-�.9!MN<K'*$&M[-!6%'&MN578�rw)18!9
-� ;0b)16!<& ='*�! R? ),21 =$*)1'& =?p5,$R®0/.C= PO '&$*),032.E[ ;"%'&578!<sMN<��%MN+7�! ($o'*�/)18v?p57$@$8!7CR UO	'*$&),032.E[ ;"%'&578!<;G

� � ( � � ��� �����') � ��� � 
 � � � �O<&M[8!+u<LMNV#6%EF)1'& ;9v9/)1'3)eAg x'* (<L'�'&�! =? ),2, >$*)1'& >6!<LMN8!+W'*�! x Xk%),0X'
"!$L5_0( ;9!6!$L D6!<& (9°M[8^9/)1'*)%G �� �),$L D),-!E[ �'*5:VW b)1<&6!$L .'*�! .? ),21 D$*)1'& �?p$&5,V�"!�%5,'*578� XT7 ;8Q'&<e'&5
"!$L ;9!M[0('g'&�! �8w6!VJ-a ($g5,?�? )12, HE[ ;"%'&578!<tMN8u'&�! tmL X'*<gM[8D�  XT7 ;8Q'&<;GP�� ~0;578!<LMN9! ($g XT7 ;8Q'&<oAsM['*���; ;$L5
),8!9 578! �mL X'*<x),<=0;578Q'&$&57E@<&),Vu"%EN ;<x),<RAC ;E[Ec),<= (T7 (8Q'*<>AsMn'*�:'BAC5S57$RVW57$& �mL X'*<;r�M[8�)19!9!M['&MN578±'&5
'*�% x? ),21 JE[ ;"%'&578�G�¬�M[+76!$L =­%G'1W<&�!5UAs<O'*�! x"!$& (9!MN0X'* (9:),8!9�57-!<& ($LT, ;9±? ),21 >E[ ;"%'&578!<~),<�)j?p6!8!0X'*M[578
5,? ��� 5,?�'*�! >VuM[<&M[9! ;8Q'*MnI/ ;9#mL (';r/?p57$~ ;),03�WmL X'�V#6%E['*M["!ENM[0;Mn'BP7Gc���! >'&5,'3)1E�8w6!VJ-a ($~5,?�? ),2, > (T7 (8Q'*<
MN<�+7M[T, ;8 MN8:��),-!E[ e­%G25%G>���! j? ),21 e$*)1'& J?p$&57V mL ('&<=),<&<L5_0(MF)1'& ;9:AsM['&� ),8 &(! C= PO�"%�!5,'*5,8:0;576!E[9
-� =)#<&ENM[+7�Q'�5UT7 ($& ;<K'*M[V�)1'& R5,?�'*�! =8w6!V#-� ;$�51?�? )12, REN ("%'*5,8!<�57-!<L ;$LT, ;9�MN8>mL ('&<s),<&<L5_0(MF)1'& ;9DAsM['&��)
�«r_-%6%'C'&�!MN<t +a ;0X'oM[<C8!51'g<K'3)1'&MN<L'&MN0;),ENEnPJ<LMN+78!MnI/0b)18w'C Xk_0( ;"%'�M[8W'&�! �0;),<& ~5,?��( ;$&5J),9!9!Mn'*M[578/),EymL X'*<(G
���! �®4&%! 9!MN<L0;$L ;"/),8%0(P:?p57$LVu<H"!),$L'=5,?t'*�% W-!),<&M[<R5,?C'&�! j<LP4<K'* ;Vu)1'&MN0e6!8!0( ;$L'*),MN8Q'BP )1<&<&M[+78! (9 '&5
'*�% =? )12, =-/),032w+7$L576!8!9�G F_ ( x��),-!E[ x­%G25%G

� � ( � � � d � � �%� ( 
 � � � � 9!M[$& (0('e'* (<L'W5,?O'*�! D? ),21 �$&)1'* .?p$L57V�"!�!51'*578�9/)1'*) 6%<& ;9°MN8^'*�% 
),8/)1E[P4<&M[<#MN<>"a57<L<&M[-!EN 1G �� D"!$L ;9!M[0('#'&�! D8w6!V#-� ;$#5,?s? ),21 DEN ("%'*578%<#6!<&M[8!+ d � mL ('*<j9!)1'3)%rc)18!9
0;5,Vu"/)1$& #'*�%MN<R'*5D'*�% W8w6!VJ-a ($>5,?C57-!<L ;$KT7 ;9� (T7 (8Q'*<>AsMn'*� �; ($&5!r�578! W),8%9 'BAC5�5,$RVu57$L ~mL ('&<>M[8
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�@$L ;9!M[0('O<&M[V#6!EF)y'* ;9��Y�tmL X'*<�AsM['&�v<LMNV#6%EF)1'& ;9 �:),8%9±dH�tmL X'*<
"%$& ;9%MN0('& ;9 5,-!<& ($LT7 (9

®gmL X'*< /85- "1*)�®,56 5(5-&"!

$�mL X' ®41"1-$.)J$"!(! ®4!"5- 
# 1~mL X'*< 1"!"57)«­- $($1­
�@$L ;9!M[0('����tmL ('*<�9!)1'3)jAsM['&� � �tmL ('&<s9/)1'3)

"%$& ;9%MN0('& ;9 5,-!<& ($LT7 (9
®gmL X'*< ®,!(!*)�®41 ®4!_®
$�mL X' $"&7)J$ $,­

# 1~mL X'*< ®0$*)�® ®41

��),-!EN �­%GN5 9 �@$L ;9!M[0('* (9�),8!9^57-%<& ;$KT7 (9�8w6!VJ-a ($j5,?�? ),2, �EN ;"_'*578!<JMN8�'&�! .9/)1'*)±),8!9^<LMNV#6%EF)1'&MN578
0;$L57<&<{qB03�! (032w<;G#���! j8w6!VJ-a ($R5,? mL ('&<Rz46%5,'* (9 M[<�M[8 ),9!9!Mn'*MN5,8�'*5.'&�! OmL X'HAs�!MN03� M[<�VWMN<&M[9! ;8Q'&M[I/ (9
),<R)�'&$*),032�EN ("%'*578 Gx���% j578!E[P�<L'*)1'*M[<L'&MN0b)1ENE[P�<LMN+78%M[I/0;),8Q'H9!M[<&0;$L ;"/)18!0(P:5,-!<& ($LT7 (9�M[<HMN8�'*�! D®~mL X'
0b)y'* ;+,57$LP M[8 '&�! �<LMNV#6!EN)1'*M[578:0;$L57<&<{qB03�! (032 � '*57" '3),-%EN U�lG.���!M[<>9!M[<&0($& ;"!),8!0(P ?p57$LVu<="/)1$L'>5,?o'*�% 
-/),<LMN<s5,?�'*�! =<KP_<K'* (V�)1'&MN0R6!8%0; ;$K'3),M[8Q'BP�578D'*�!M[<O-!),032w+7$&576%8!9� (<L'&MNVu)1'* 1G

),9!9%M['*M[578±'*5D'&�! #? ),2, eE[ ;"%'&578�Gj���! e (T, ;8Q'><*),VW"!EN jM[<R<&Vu),ENE]r -!6_'xAC e57-!<L ;$LT, u8%5v<K'3)1'&MN<K'*MN0;),ENEnP
<&M[+78!MnI/0b),8Q'R9%MN<&0($& ("/),8!0XP:-a X'BAg ( ;8�"!$& (9!MN0X'*MN5,8!<R),8!9 57-%<& ;$KT1)1'*M[578!<;GJ¬�MN+,6!$& j­_G25�),8%9 ��),-!E[ j­%GN5
<&�%5¯A
'*�! =$& (<&6!En'*<s5,?�'*�! R'& ;<L';G

��!���!#" ��< �+- � � /40 	 <=/ - ) (+* 	 <P:Z0��o<=/401(>2

�ZM['&��'*�! .? )12, D$*)y'* DMN8��/),8!9�rcAC D ;<L'&MNVu)1'* u'*�! D8w6!V#-� ;$j51?O? )12, ;<e-QP�VJ6!E['&MN"!EnP_M[8!+�'*�! .? ),21 
$*)y'* :� ),<>)�?p6!8!0X'*MN5,8�5,?�mL X'#V#6%E['*M["!ENM[0;Mn'BP±),8%9 . 01. �H-QP�'&�! �8%57$&Vu),ENM[�b)1'&MN578±?p5,$x'&�! �<LMN�; u5,?�'*�% 
9/)1'*)�<&),Vu"%EN ,Gu���! �8%57$&Vu),ENM[�b)1'&MN578SMN<x9! ;$LM[T7 (9�?p$L57V 9/)1'*)%r�-!),<& (9�578�'&�! �� � mL ('&<J<*)1Vu"!E[ ,G
�� ±<& (EN ;0X'v� � mL ('*<� (T7 (8Q'*<.AsM['&� ),8QP°"!$&M[V�),$KP�EN ("%'*578°'BP_"� SAs�! ($& ±'&�! ± (T, ;8Q'�"/),<L<& (<�),ENE
EN ("%'*5,8 �HMN<&5,EF)1'& ;9D'*$&),032�<& ;E[ ;0X'*MN5,8�r/ Xk_0; ("%'H?p57$s0(6%'*<~$& (?p ($&$LMN8!+e'*5W'*�! x Xk_MN<K'* (8!0; #51?�'*�% >M[<&57EN)1'* (9
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¬�M[+76!$& �­_G'1H9 �@$& (9!MN0X'* ;9¤),8!9°57-!<& ($LT, ;9 8w6!V#-� ;$W5,?�MN<&5,EF)1'& ;9^'*$&),032w<�MN8�<LMNV#6!EN)1'* (9°� � mL ('&<
 (T, ;8Q'*<(r@),<x)D?p6!8!0('&MN578 5,?C'*�! e8w6!V#-� ;$x5,?�mL ('&<>M[8 '&�! W (T7 (8Q'bG.���! e? ),21 W$&)1'* e6!<L ;9�M[<R9! ;$LM[T, ;9
?p$&5,V "!�!5,'&578 �tmL ('&<H),8!9��p?p57$O (T, ;8Q'*<R$L ;0(578!<L'&$&6!0X'* (9±AsM['*���; ($&5xmL X'*<3�OdH�tmL ('&<�<LMNV#6!EN)1'*M[578�GC���! 
5UT7 ($KqB"%$& ;9%MN0('&MN578 ?p57$R�( ;$&5jmL ('x (T, ;8Q'*<>MN<=MN8%0;57$L"a57$&)1'* (9 MN8:'*�! e<KP_<K'* (V�)1'&MN0W6!8!0( ;$L'*),MN8Q'BP 578 '*�% 
? ),21 xE[ ;"%'&578�-/),032w+7$L576!8!9�G



����������	�

� ��� 
�	�����������������
�������� � &"5

 (GeV)Tjet E
0 10 20 30 40 50 60 70 80 90 100

0

5

10

15

20

25

30

35

40

45 Predicted

Observed

Predicted vs. observed in 1 djet events

 (GeV)Tjet E
0 10 20 30 40 50 60 70 80 90 100

0

1

2

3

4

5

6

7

8

9

Predicted vs. observed in 2 djet events

 (GeV)Tjet E
0 10 20 30 40 50 60 70 80 90 100

0

1

2

3

4

5

 3 djet events≥Predicted vs. observed in 

 (GeV)Tjet E
0 10 20 30 40 50 60 70 80 90 100

0

2

4

6

8

10

12

 2 jet events≥Predicted vs. observed in 

¬�M[+76!$& �­_G25 9 �@$& (9!MN0X'* ;9¤),8!9°57-!<& ($LT, ;9 8w6!V#-� ;$W5,?�MN<&5,EF)1'& ;9^'*$&),032w<uM[8 d�� mL ('&<u9!)1'3)%rg),<W)
?p6!8!0X'*M[578=5,?_'&�! @8w6!V#-� ;$�5,?UmL ('&<�M[8R'*�! @ XT7 ;8Q';G`���! c? ),2, c$*)y'* @6!<L ;9xMN<�9! ($&M[T, ;9=?p$&57VY"!�!5,'&578 �tmL ('&<
9/)1'*)%G
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'*$&),032 G��B8�<L�!57$L't'*�%MN<cVu ;),8!<c'*�/)y't'&�! ;$L ~VJ6!<L'C-a ~)="!$&M[V�),$KP#E[ ;"%'&578�r���-� ��$"/>CR UOYAs�!MN03�u9!5_ (<
8!5,'O"�57MN8Q'O)1's'&�! ="!$&M[V�),$KP.E[ ;"%'&578�57$�mL ('*<(Gg¬/57$� ;),03�S"%$&MNVu),$KP�E[ ;"%'&578v'BP4"� x'&�! (�-�:),8!9/. 01.w5,?
 b)103�#mL X'sMN8�'&�! R (T, ;8Q'OMN<o8%5,'* (9�r ),8!9.'&�! H? ),2, R$&)1'* H),<s)J?p6!8!0X'*MN5,8D5,? �-�S),8!9 . 02.,MN<oV#6%E['*M["!ENM[ ;9
-QP.'*�% x8%57$&Vu),ENM[�b)1'&MN578u9!MN<K'*$LMN-!6%'&MN578%<;G

��!���!�� ')(�2>/4* 0��;87/40Z(�2 *\*,( 	 ���� ����- 2$/ ��� 0#/ � < ��< �+-�� -
	7/ (>2

���! =9!57VWMN8!),8Q'�"!$&540; (<&<O0;578Q'&$&MN-%6%'*M[8!+#'*5j? ),21 x XT7 (8w'&<�M[8D576!$�"!$L ('3)1+W<&),VW"!EN RM[<o?p$&57V��	�tmL X'*<;G
�g6%'c'&�! ;$L ~M[<c),EN<L5>)R8!5,8_qB8! (+7ENM[+7MN-%EN g0(578Q'*$LMN-!6%'&MN578j?p$L57V $ )$ 9! ;0;)UPWM[8e'&�! sEN ("%'*578u�^mL X'*<c03�/),8%8! ;E]r
As�! ($& ~)="%$&MNVu),$KPJE[ ;"%'&578�r������),8!9�mL X'*<t),$& �"%$&549!6!0; (9�G@���! s<*)1Vu"!E[ �5,?a (T7 (8Q'*<g6%<& ;9e'*5=8!5,$&Vu),Enq
MN�( �'*�! �? ),21 ;<t ;<L'&MNVu)1'* sM[<@-/),<& (9�578�� �^mL X'*<c<& (EN (0('*M[578�rQAs�!M[03��8/)1'&6!$*)1ENE[P>MN8%0;EN6%9! ;<@? ),21 ;<c?p$&57V
'*�% $*)$ 9! (0b)bP.M[8u'*�% �EN ("%'*5,8D��mL ('&<g03�/),8%8! ;E]G F_5#8!5#<L"a (0;MN),E�'&$& ;)1'*VW ;8Q'oM[<C8% ;0; (<&<&),$LP.),<gE[578!+#)1<
'*�% ~? ),21 H$*)1'& ~?p$L57V $*)$  (T, ;8Q'*<�M[<C'*�% �<*)1Vu �),<C?p57$t+7 (8! ;$LMN0 . /o�ª� ��mL ('&<;G �� �03�! (032u'&�! ~? ),21 
$*)y'* �?p57$ $*)$ E[ ;"%'&578��°mL ('&<oMN8.<LMNV#6%EF)1'&MN578�G �� �"!$& (9!MN0X'@/"&-/()j®0$"&x? ),2, H XT7 (8w'&<O?p$L57V $*)$ E[ ;"%'&578��
mL ('&<g XT7 ;8Q'&<o6!<&M[8!+>'&�! =&"! CR UO "%�!5,'*5,8�'*$LMN+7+7 ($& (9W? ),21 �$&)1'* (<;G@���!M[<CM[<C0(57Vu"!),$& (9u'*5>56$85> (T7 (8Q'*<
57-!<L ;$KT7 ;9 r�<& ( �¬�MN+76!$L e­%G'/_Gu���%MN<=EN XT7 ;E@51?o9!M[<*),+7$L ; (Vu (8w'xM[<R8!5,'x<&M[+78!M[I!0b),8Q'=0;5,Vu"/)1$& ;9 '*5�'*�% 
<&M[�; x5,?`'&�! ><K'3)1'&MN<K'*MN0;),E�6!8!0( ;$K'3),M[8w'BPv0(57V#-!M[8! ;9�AsM['&��'*�% u®4& !�<LP4<L'& ;Vu)1'*M[0>6!8%0; ;$K'3),M[8Q'BP�5,8�'*�% 
? ),21 R$*)1'& �9!M[<&0;6%<&<& (9�"%$& (T4M[576!<&EnP7G F_5#AC R0;5,8!0;E[6!9! �AC R0b),8D6%<& H'*�% R"!�!5,'&578v��mL ('*<o? )12, H$&)1'* �'&5
"!$L ;9!M[0('�'&�! #8w6!V#-� ;$�5,?@? ),2, JEN ;"_'*578!<(r�$& (+Q),$L9!EN (<&<�51?@'*�! #<L576!$L0; j5,?c XT7 ;8Q'&<x"!),<&<LMN8!+�� �\mL ('&<
<& (EN (0('*M[578�G

��!���!&% � * 0 	 <i* ��� -
	7/ (>2
��< �+- 
 <=/4-
�
���! �? ),21 �$*)1'& o?p57$`"!$LMNVu),$LP>EN ("%'*578%<@MN<@),8e57$L9! ;$@51?aVu),+78%M['*6%9! g<LV�),E[EN ($�'*�!),8j?p57$�'*$&),032#E[ ;"%'&578!<;r
-!6%'g'*�! (MN$t0;578Q'*$LMN-!6_'*MN5,8u'*5>'*�! �'&5,'3)1Ea"!$L ('*),+J? ),21 H-/),032w+7$L576!8!9DM[<g8!5,'g8! ;+,ENMN+,MN-!E[ ,G��� HVW b)1<&6!$L 
'*�% J"!$L ('3)1+.8w6!V#-� ;$�51?`? ),2, >"!$&M[V�)1$LP�EN ("%'*5,8!<~6%<&MN8%+�'*�! ><*),VW xVu X'*�!549±),<O?p57$s'*$*)1032�E[ ;"%'&578!<;r
AsM['&�>'&�! C lk_0; ;"_'*MN5,8J'*�/)y'`)s<&M[8!+7EN @? ),21 g$&)1'* tMN<�9! ;$LM[T, ;9>?p5,$�),E[E(mL ('�V#6!En'*MN"%ENMN0(M['&MN ;<(G �CPx0(57V#-!M[8!MN8!+
),E[E�mL ('uV#6!En'*MN"%ENMN0(M['&MN ;<xMN8Q'&5�578% �? )12, S$&)1'* DAC ��!)UT, S (8!576!+7�°9/)1'*) '&5�)bT75,MN9¤EN),$&+, D<L'3)y'*MN<K'*M[0b),E
 ;$L$&57$L<;G&�g (0b),6!<L W'&�! j? ),2, e$&)1'* #?p57$R"%$&MNVu),$KPSE[ ;"%'&578!<=9!54 ;<=8!5,'=<K'3)1'&MN<L'&MN0;),ENEnPvT1),$KP ),VW578!+>mL X'
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 2 djet events≥+jets fake rate predicting ttbar l+jets, γ

¬�M[+76!$& C­%G'/�9��� (<L'*M[8!+H'*�% �),"!"!E[MN0;),-!MNE[M['BP�5,?/'*�! &(! CR O "%�!5,'*5,8W��mL X'*<�? )12, o$&)1'* g'&5�? ),21 oEN ("%'*578%<
?p$&5,V�'*57"�MN8 '*�! WEN ("%'*5,8�� mL X'*<xVu549! 1r�M[8�<LMNV#6%EF)1'&MN578�GW}O5v? ),21 �E[ ;"%'&578!<x),$& W57-!<L ;$KT7 ;9�?p$&57V
 (T, ;8Q'*<OAsM['&�v5,8! gmL ('bG

V#6!En'*M["!ENM[0;M['&MN (<c'&�!MN<�M[<s)eT1),E[MN9.<K'*$&)1'* (+,P7G

��!���!�� ��	 	 ( � 0#/ - � ' ��<i* 
+- ��*,<i.�/,01(�2
�s ;0b)1ENE/'*�/)y'g'*�% H"!$&M[V�)1$LPe),8%9�'*$&),032uE[ ;"%'&578!<g),$& ~$& ;zw6!M[$& (9.'*5J�!)UT, R57"!"�57<&Mn'* O03�/),$L+7 ,G �g (0b),6%<& 
'*�% �mL ('�0b),8J? )12, �)�E[ ;"%'&578#5,?  (M['&�! ;$�03�/),$&+, ,r,'&�! gI/8/)1E_<K'* ;"jM[8# ;<K'*M[V�)1'&MN8!+s'*�% g8w6!V#-� ;$`51?  (T7 (8Q'*<
AsM['&� ) ? ),2, �EN ;"_'*578�MN<e'*5�9! ('& ;$&VWMN8% v'&�! �?p$&),0('&MN578�5,?H? ),21 � XT7 (8w'&<.As�!MN03�¤�/)bT7 S5,"!"a5,<&M['& ;EnPwq
03�/),$L+7 ;9^E[ ;"%'&578!<(G ��'#M[<J8! (0; (<&<*)1$LP�'&5±0;5,8!<&M[9! ;$x'*�! �� )18!9 $ )$ "!$&540; (<&<L ;<j<& ("/),$&)1'* (E[P7r`),<J'*�% 
57"!"�57<LM['* lqB03�/)1$&+7 H?p$&),0('&MN578�9!M +  ($&<�-� ('BAC ; ;8�'*�! R'BAC5!G

¬�MN$L<L'�AC gAsMNE[E70;578%<&MN9% ;$�'&�! t57"!"�57<&Mn'* Xq�03�/),$L+7 t?p$&),0('&MN578=?p57$��ª�CmL X'*<� (T, ;8Q'*<(G �g ;0;),6!<& gEN b)19!MN8!+
9!MN),+7$*)1Vu<g?p5,$�� � mL ('&<~"!$L5_9%6!0('&MN578��/)bT7 x'*�! >� $L ;0(57MNE[MN8!+e),+7),MN8!<K'O)Wzw6/)1$&2.As�!M[03��-� ;0(57Vu (<
)=mL X'RMN8S'&�! # XT7 ;8Q';r�'*�! #03�!),$&+7 j51?@'*�! J'&$*),032w<RM[8S'*�/)y'tmL ('H0b),8:-� # Xk_"� ;0X'* ;9:'&5.-a J0;57$L$& ;EN)1'* (9
'*5j'&�! =03�/),$&+, x51?�'*�% J�«G

�B8�'*�! �MN9! ;),Ec<&M['&6/)1'&MN578�578! uAC576!E[9^Vu ;),<&6%$& u'&�! .57"%"a57<LM['& XqB03�!),$&+7 W?p$*),0X'*M[578�M[8�<&M[V#6!EN)1'* (9
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� � mL ('&<� (T, ;8Q'*<(GC���! ="!$L57-!E[ ;V MN<g'&�/)1'br%ENMN21 �'*�% H? ),2, R$&)1'* 1r%'*�! R03�!),$&+7 =0(57$&$L ;EF)y'*MN5,8!<g9! ("a (8!9
578 '*�% :9! ('*),MNE[<�5,?x'*�! umL X'.?p$*)1+7Vu (8Q'3)1'&MN578 "%$&540; ;<L<;r�As�%MN03�\),$& :8%5,'.'*51'3),E[E[P�$& (ENMF)1-!EN �MN8 '*�% 
<&M[V#6!EN)1'*M[578�G��B8:'*�! j<LMNV#6%EF)1'&MN578�r '*�% W5,"!"a5,<&M['& Xq�03�/),$&+, J?p$*),0X'*M[578:MN<HEN),$&+, ,r�),8%9:9! ;0($& b)1<& ;<=AsM['&�
MN8%0;$& ;),<&M[8!+>mL ('HV#6!E['&MN"!E[MN0(M['BP7G��~<&M[8!+D�; ($&5JmL ('= XT7 (8w'&<;r�As�! ;$L e0;578Q'*$LMN-!6_'*MN5,8!<�?p$&5,V $*)$ "!$&540; (<&<L ;<
),$L O<LV�)1ENE|r1Ag ~0;57VW"/),$L s'&�! O57"!"�57<&Mn'* Xq�03�/),$L+7 �?p$*),0X'*MN5,8!<@MN8W9/)1'*)>),8%9u<LMNV#6!EN)1'*M[578e),8!9eI/8!9W'*�/)y'
<&M[V#6!EN)1'*M[578j5UT7 ;$L ;<K'*MNVu)1'& ;<C'&�! s?p$*),0X'*MN5,8W51?� (T, ;8Q'*<gAsMn'*�u)x? ),21 ~E[ ;"%'&578uAs�% ;$& O'*�! OEN ("%'*5,8!<C�!)UT, 
57"!"�57<LM['* R03�!),$&+7 1G

�g ;0;),6!<L OAC s0b),8!8%5,'c6!<& s<LMNV#6!EN)1'*M[578�r¯Ag sVW b),<L6!$& o'&�! s57"!"�57<&Mn'* lqB03�/),$L+7 g?p$&),0('&MN578jM[8j9/)1'3)RM[8
 (T, ;8Q'*<`AsMn'*�>�; ;$L5tmL ('&<;G �� C ;8!�/)18!0; g'&�! C?p$&),0('&MN578x5,?!? )12, g XT7 (8w'&<`AsM['&�>?p6!$K'*�! ($�zw6/),E[M['BPR0(6%'*<@)18!9
<&6%-%'*$&),0('='*�% j ;<L'&MNVu)1'* (9 846%V#-a ($R5,?C$& ;Vu),M[8!MN8!+��; ;$L51q[mL X'= (T, ;8Q'*<=?p$&57V <&576%$&0; (<RAsM['*�:'BAC5�$L b),E
EN ("%'*5,8!<;G �� oI/8%9±� ­- ()�1Q� ! 5,?� (T, ;8Q'*<t�/)bT7 s57"!"�57<LM['* lqB03�/)1$&+7 1r,As�!MN03�WMN<�'3),21 ;8W),<`'*�% �57"!"�57<&Mn'* Xq
03�/),$L+7 J?p$&),0('&MN578S?p5,$H),E[E� XT7 (8w'&<RAsM['*�S�; ;$L5>mL ('&<;G;�� J0b),8!8%5,'H6!<L #'*�! J<*),VW #"!$L5_0( ;9!6!$L J'*5uI/8!9
'*�% x5,"!"a5,<&M['& Xq�03�/),$&+, H?p$*),0X'*MN5,8DMN8��!MN+,�! ;$�mL X'sV#6!E['&MN"!E[MN0(M['BPe (T, ;8Q'*<~-a (0b),6%<& R'*�! $*)$ 0;578Q'*$LMN-!6_'*MN5,8
MN<�8%578_qB8% ;+7E[MN+7M[-!EN 1G �g6_'br!AC x2w8!5UA ?p$L57V�<LMNV#6%EF)1'&MN578.�%5¯AY'*�! =57"%"a57<LM['& XqB03�!),$&+7 H?p$&),0('&MN578.T1),$LMN (<
),<g)x?p6!8!0X'*M[578.5,?_mL X'oV#6%E['*M["!ENM[0;Mn'BP#),8%9.6!<& O'*�!M[<g2w8!5UAsEN (9!+7 O'*5# lk_'&$*),"�57EN)1'* s'*�! O?p$*),0X'*M[578�M[8u'*�% 
�; ($&51qnmL ('�-!MN8±M[8±9/)1'*)u'*5u'*�/)1'� (T, ;8Q'*<HAsMn'*�±�!M[+7�WmL X'HV#6!En'*M["!ENM[0;M['&MN (<;G$�� >I/8!9:5,"!"a5,<&M['& Xq�03�/),$&+, 
?p$*)10('*M[578!<c5,?�!%G ­"1-)E!_G'!(1H?p57$c XT7 ;8Q'&<gAsM['&�u578% `mL X'br_),8!97!%G'/,²-)�!%G'!"1=?p57$c XT7 ;8Q'&<gAsM['&�W'BAC5J57$cVW57$& 
mL ('&<;G

F_ ;0(578!9 Ag WV#6!<K'=0;578!<LMN9! ($R? ),2, W (T, ;8Q'*<x?p$&57V�'*�! $ )$ E[ ;"%'&578�� mL ('&<=03�/),8!8! (Ec9! ;0;)UP4<(GA�� 
6!8!9% ;$&<K'3),8%9S'*�! x03�/),$L+7 x0;57$L$& ;EN)1'*M[578DMN8�'*�%MN<s0b),<L >-QP�8!51'*MN8%+W'&�/)1's'*�! x<&6%VuVW ;9v03�/),$L+7 >51?�'*�% 
zw6/),$L2S"/),M[$H"!$L5_9!6%0; ;9 -QP±578% j5,?c'*�! W� -a57<L578!<RV#6%<L'=-� #5,?C57"!"�57<&Mn'* #03�/)1$&+7 #'&5.'*�! jE[ ;"%'&578
?p$&5,V '&�! H5,'&�! ;$o� -a57<L578�G@��5#"!$L5_9!6%0; R)J�!),9!$&5,8D5,?�'*�% H<*),VW �03�!),$&+7 H),<g'*�% �EN ("%'*5,8.$& (z46%MN$& (<
'*�% �"!$L5_9!6%0('*M[578�5,?�)SEF),$L+7 W846%V#-a ($J5,?O)19!9!M['&MN578!),E@zw6/),$&27qB),8Q'*Mnq�zw6/),$&2 "/)1MN$&<(r`),8%9�MN<>6!8!ENM[2, (E[P
'*5v$& (<&6!En'JM[8�)18�MN<L57EF)y'* ;9:'&$*),032 G��B8�<LMNV#6%EF)1'&MN578�r� "&%G ²%! � 5,?g (T7 (8Q'*<#�/)bT, .57"!"�57<&Mn'* (E[PQqB03�/)1$&+7 (9
EN ("%'*5,8!<;Gj���! e57"%"a57<LM['& XqB03�!),$&+7 j<K'*6!9%MN ;<=M[8 '&�! j"!$L (T4MN576%<J� � mL X'*<=<*),VW"!E[ #<&�!5UAC ;9�'&�/)1'RAC 
0b)18!8!5,'J$& ;EnP 578�'&�! �<LMNV#6!EN)1'*M[578 9!MN$L ;0X'*E[P:'&5SVW b),<L6!$& W'*�! u57"!"�57<&Mn'* lqB03�/),$L+7 e?p$*),0X'*MN5,8�GDF_5SAC 

�nL�M�NPO&QSRTQSUVO&QWUYXZR\[^NZ`S`Wer`�e\_7QWM�UYOo_j]�k+luNZ`
�
Ra_��7e\QWM�Nn`SO�UV_	QWM�UYOoOWNnX#QSUqer_;Ra`SN _�Nnp\[VUqprUql�[qNrv
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0;5,$&$& (0('s'*�% R57"!"�57<&Mn'* Xq�03�/),$L+7 RVu ;),<&6%$& ;VW ;8Q's?p$&5,V�<&M[V#6!EN)1'*M[578�6!<LMN8!+j'&�! =57-!<& ($LT, ;9S9%M,+a ;$& (8!0; (<
-� ('BAC ; ;8 9/)y'3)�)18!9S<LMNV#6!EN)1'*M[578D?p57$�� ��®smL ('� (T, ;8Q'*<�AsMn'*�S'&�! omL ('HM[9! ;8Q'&M[I/ (9±),<�),8SM[<&57EN)1'* (9
'*$&),032 G7�� >I/8%9:),8±57"%"a57<LM['& XqB03�!),$&+7 x?p$*),0X'*M[578�51?;!%G ­7­u?p57$O (T, ;8Q'*<HAsMn'*�±)y'HEN ;),<L'O'*�%$& ; smL ('*<(r M[8
As�!M[03��578% =AsM[ENEa-a R'*�% omL X's? ),2wMN8!+#'&�! =EN ;"_'*578�G

F_5!r�'*5�0;5,V#-!MN8% e'&�! ;<L W'BAC5v57"!"�57<&Mn'* Xq�03�/),$L+7 j?p$*),0X'*MN5,8!<HAg W$& (zw6!MN$L e'&�! e$& (EF)1'&M[T7 j?p$&),0('&MN578!<
5,?�'&�! =� �¤mL X'*<�)18!9 $ )$ ? ),2, (<;Gi�� ~I/8!9.'*�% H"!$& (9!MN0X'* (9.?p$*),0X'*MN5,8.5,? $ )$  (T, ;8Q'*<sMN8u'*�! =� ��mL ('&<
9/)1'*)J<*)1Vu"!E[ ~-!),<& (9D578D),0(0; ;"_'3),8!0( RVu ;),<&6%$& ;9DM[8�<LMNV#6!EN)1'*M[578�G����!MN<CMN8Q'*$L5_9%6!0; (<�)J9! ("a (8!9! ;8%0; 
578D'*�% xM[8!"!6%'�'&57"�0;$L57<&<{qB<& (0('&MN578�Gc���!M[<�9! ;"� ;8%9! ;8!0( JM[<�M['* ($*)1'& ;9�576%'sM[8.'*�! =<&),Vu HAg)bPv),<oAsM['&�
'*�% ��H$L ;ENE�q|�C),8S-/),032w+7$&5,6!8!9�r�),8!9 z46%MN032wE[P:0(578QT7 ($&+7 (<;G��� eI!8!9�'&�/)1'3$"1%! 5,?g'&�! RmL X'*<=MN8 '*�% 
8!57$LV�)1ENMN�(MN8!+>� �°mL ('*<g<*),VW"!EN �),$& ~"!$& (9!MN0X'* (9�'&5#-� �?p$&57V '&�! $*)$ EN ("%'*578%<s��mL ('*<g"!$&540; (<&<;r )18!9
'*�% x$L Xq|Ag (MN+7�Q'* (9�5,"!"a5,<&M['& Xq�03�/),$&+, H?p$*),0X'*MN5,8vM[< !%G ­%®7G

	 � � �*) 	 � � � �����
������� ( � ����� ���
���! .I/8!),Eg (<L'*M[V�)y'* .5,?�'&�! D8w6!V#-� ;$#51?~ XT7 (8w'&<jAsM['*����mL X'*<j)18!9�)�? ),2, DE[ ;"%'&578^MN<>57-%'*),MN8! (9
-QPDV#6!En'*M["!E[P4MN8%+>'*�% omL X'*<�?p$&5,V�'*�! x� �
��� �\®¯��mL X's9!MN<K'*$&M[-!6%'&MN578D-QP.'&�! =MN<&5,EF)1'& ;9.'*$&),032�? ),21 
$*)y'* ,Ge��5�MN8!0(EN6!9! j'&�! e0;578Q'*$LMN-!6_'*MN5,8±?p$&57V  XT7 (8w'&<>AsMn'*� ).? ),2, W"!$&M[V�)1$LP�EN ;"_'*578�r�AC eV#6!E['&MN"!EnP
'*�% H<*),VW =�ª�tmL ('&<g9!M[<L'*$LMN-!6_'*MN5,8!<g-QPW'*�! H"%$&MNVu),$KPuE[ ;"%'&578�? ),21 H$*)y'* ;<(Gc���!MN<gP4M[ ;EN9%<o)J"!$L ;9!M[0('& ;9
8w6!V#-� ;$~5,?c (T, ;8Q'*<HAsMn'*��'BAC5.?p6!E[E[PD$L ;0;5,8!<L'&$&6!0X'* ;9 E[ ;"%'&578!<;r As�! ($& j578! >MN<O$& ;),E|ra),8!9S'&�! J51'*�! ($
? ),21 ,G����!MN<eMN<j9%578! D?p57$j b)103�¤"�57<&<LMN-!E[ D"a ($&V#6%'*)1'*M[578�5,?~EN ;"_'*578^'BP4"a (<;G �� D'*�% ;8�<&6!V 5UT7 ($
'*�% >'BP4"a >5,?��K'&$&6!  �EN ("%'*5,8±),8!9S$& ;<L0b),E[ >'&�! J8w6!V#-� ;$~-QPv'&�! J$L ;EN)1'*MnT7 J�	�tmL X'*<H)10;0; ("%'3)18!0; j)1<
VW b),<L6!$& (9�M[8v<LMNV#6%EF)1'&MN578�G

���! ;$L R),$L ~'*�%$& ; �<&Vu),ENE/0(57$&$L ;0('&MN578%<C'*�!)1'o8! ( ;9�'&5#-� �Vu),9! O-a X?p57$& OAg H�!)UT, H576!$tI/8/),E/'&5,'3),E
? ),21 u-/)10324+,$&576!8%9� ;<K'*M[V�)1'& ,GW���! ;$L .),$L j'*�!$L ; W<& ;E[ ;0X'*MN5,8�0($&M['& ;$LMF).'*�/)y'>0;),8!8!51'>-� u),"!"!E[MN ;9 M[8
<& (EN (0('*M[8!+j'*�! x�ª�tmL ('&<� (T, ;8Q'*<(ra<L5eAC =8! ; (9v'&5W),"!"!EnP�'*�% R 
W0;M[ ;8!0XPD?p57$g'*�% ;<& x<& (EN (0('*M[578!<(G@���! 
I/$L<L'sMN<C'*�! R57"%"a57<LM['& XqB03�!),$&+7 H?p$&),0('&MN578 r_As�!M[03�v�!),<�-a ( ;8�9!M[<&0;6%<&<& (9S"!$L (T4MN5,6!<&EnP7G@���! R5,'&�! ;$o'BAC5
),$L >'*�% #MN8!0($& ;),<& (9Z��-� '&�!$& (<&�!57E[9S?p57$~ (T7 (8Q'*<HAsM['&�±9!M[EN ;"_'*578�MN8QT1),$&MN),8Q'�Vu),<&<L ;<H0(EN57<L >'&5�'*�! #d
$& (<&578!),8!0; 1r@),8!9 '*�! e'*$&),032 EN ("%'*5784q¯����^57"� ;8!M[8!+±)18!+7EN jT, ('*5%G��� WVu ;),<&6%$& u'&�! W 
W0;M[ ;8!0XP ?p5,$
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'*�% ;<& >$& (z46%MN$& (Vu (8Q'*<�M[8S<LMNV#6!EN)1'*M[578�),8!9S),"!"!EnPD'*�! (V '*5e'*�! x? ),2, >$*)1'& x'&5WP4MN (EN9v'*�! =I/8/),E�? ),21 
-/),032w+7$L576!8!9�"!$& (9!MN0X'*M[578�G

��� ( ��� ��� � ��� � � � ����� � � ��� � � (
���! ($& o)1$& C'&�!$& ( C<L576!$L0; ;<�5,?/6!8!0( ;$K'3),M[8w'BPxM[8x'&�! �� �°? ),21 CE[ ;"%'&578J (<L'&MNVu)1'* 89�'*�! C<L'3)y'*MN<K'*M[0b),EQ6!84q
0; ($L'*),MN8Q'BPe578j'*�% O? ),21 s$*)1'& ,rQAs�!MN03�WT1),$&M[ ;<`?p$&5,V /¯q3®,!%!	9! ("a (8!9!M[8!+>5,8W'&�! �mL ('tV#6!En'*MN"%ENMN0(M['BP,r1'*�% 
<LP4<K'* ;Vu)1'&MN0H6!8%0; ;$K'3),M[8Q'BP�578.'&�! H5UT7 ($*),E[E 8!5,$&Vu),ENM[�b)1'&MN578e5,?�'&�! H ;<K'*M[V�)1'& ,r_),8!9.'&�! H6!8!0( ;$K'3),M[8w'BP
578D'*�% =?p$&),0('&MN578�5,?� (T, ;8Q'*<OAsM['&��)#? ),21 >E[ ;"%'&578DAs�! ;$L R'*�! =EN ("%'*5,8!<s�/)bT7 x57"!"�57<&Mn'* R<&M[+78�G

���! o6!8%0; ;$K'3),M[8Q'BP#578J'&�! g5UT, ;$*)1ENE%8%57$&Vu),ENM[�b)1'&MN578R0(57VW ;<�?p$L57V '*�! CEF),$L+7 ;<K'`57-!<L ;$KT7 ;9e9!M[<&0($& ;"4q
),8!0XPWMN8u'&�! �9!)1'3)>),8!9�<LMNV#6%EF)1'&MN578e0;$L57<&<{qB03�! (032w<�9! ;<L0;$&M[-a (9�),-�5¯T, ,G@���!M[<CM[<t'&�! J®,&%! 9!M,+a ;$L ;8!0( 
-� ('BAC ; ;8:'&�! J57-%<& ;$KT7 (9�)18!9±"!$L ;9!M[0('* (9:8w6!V#-� ;$�51?@ (T, ;8Q'*<=MN8�<&M[V#6!EF)y'* ;9v (T, ;8Q'*<HAsMn'*�±�( ;$L5.$& lq
0;5,8!<L'&$&6!0X'* ;9#mL ('&<;r%As�%MN03�v),EN<L5j0;5UT7 ($&<s"�57<&<LMN-!E[ H9!MN<L0;$L ;"/),8%0;MN (<�-a X'BAg ( ;8�'*�! H? )12, R$*)y'* �?p57$�� �
mL ('&<O),8!9�'*�! =578! R?p57$�mL X'*<�?p$&5,V $*)$ G

���! ±6!8%0; ;$K'3),M[8Q'BP°5,8¤'*�! �57"!"�57<&Mn'* lqB<&M[+78�?p$*),0X'*MN5,8¤MN<e'*�% S<L'*)1'*M[<L'&MN0b)1E�6!8!0; ($L'*),MN8Q'BP°578¤'*�% 
0b)1EN0;6%EF)1'& ;9�57"!"�57<&Mn'* lqB<&M[+78.?p$*)10('*M[578DMN8�9/)y'3)j"!$&5,"/),+Q)1'& ;9�'*5j'*�% *#%$OmL X'~-%MN8v),8!9�MN<@/ !DG

�B8!0;E[6!9!M[8!+e-a5,'&�D<LP4<L'& ;Vu)1'*M[0;<O),8!9D'&�! x­%! <K'3)1'&MN<L'&MN0;),E 6!8%0; ;$K'3),M[8Q'BPDMN8.'&�! #%$OmL ('s-!M[8�r%'*�% 
'*51'3),E�6%8!0; ($L'3)1MN8Q'BP�578D'*�!M[<�-/),032w+7$L576!8!9v?p57$o'*�! =0($&57<L<KqB<L ;0X'*MN5,8�VW b),<L6!$& (Vu (8Q'~M[<@$"!%!.G
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!~mL ('&< ®gmL (' # $OmL X'*<
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�	d ®4!_G'!*)+!%G2& 5!G ­7)+!_G25 ®7GN57)+!%G[®
d�d $4G257)+!%G2! !%G' *)+!_G'! !%G21*)+!%G'!

dgf�� h i ���  ($4G257)�®0/_G2& $(/_G ²*)«­%G[®  _G2&*)J$_GW$
dof�� h i ��� ®4&_G ²*)J/_G21 &%G ²7)J$4GW 1%GN57)�®7GW$
dof�� h i���� 1-/4GW/.)+1%G'$ $,­%G'/.)J$_GW/  _G21*)+!%G ²
¬ ),2, (< $85"5!G[®>)«­%GN5  ,­%G2&7)�® 5!G ­ $,²%G ²*)J/_G ²

�~ENE �o)10324+,$&576!8%9!< 56 (/4G'!*)J/_®7G ­ ®4/,²%G'$ )�®U­%G ² /85!G2!*)«­%G ­
��),-!EN e­_GW/�9 �@$L ;9!M[0('* (9�-!),032w+7$&576%8!9� XT7 ;8Q'&<JMN8±'&�! e"!$& X'3),+ ®7Gn®j?p-��,HH9!)1'3),<L (';r�FwP_<K'* (V�)1'&MN0j6!84q
0; ($L'*),MN8Q'*M[ ;<s),$L =MN8!0(EN6!9! (9�G
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���! ='3),+,+7 ;9v-/),032w+7$L576!8!9± (<L'&MNVu)1'* =MN<oT, ;$KP�9%M,+a ;$& (8Q'~?p$L57V�'*�% >"!$L ('*),+u-!),032w+7$&576%8!9± ;<K'*M[V�)1'& ,G
¬�M[$&<L';r�'&�! #8/)y'*6!$L J5,?@'&�! #-/),032w+7$L576!8!9%<H'*�! (Vu<L ;E[T, ;<R)1$& JT, ;$LP�9!M +  ($& ;8Q'H?p5,$~'*�% >'BAC5�),8/),EnP_<L ;<(G
�B8e'*�! s"!$L ('3)1+J),8!),E[P4<&M[<`'*�! s9!5,VuM[8/),8Q'@-/),032w+7$L576!8!9uMN<t�ª�tmL ('&<t XT7 (8w'&<C? ),2wM[8!+x)=E[ ;"%'&578�G �B8e'*�% 
'3)1+7+7 ;9#),8/),EnP_<LMN<(r,-/),032w+7$L576!8!9%<�?p$&57V � q[mL X'*<`9%57VuM[8/)1'& ,r¯?p57$� lk%),Vu"%EN ,r7de� � ) �  XT7 (8w'&<;rw),8%9j (T7 (8Q'*<
As�! ($& s'*�! � q[mL X'cMN<@VWMN<&M[9! ;8Q'&M[I/ (9�G F_ (0;578%9�rwMN8j'*�! �'*),+7+7 (9u)18/),E[P4<LMN<`AC �),$L s),-!E[ o'*5= ;<K'*MNVu)1'& s),ENE
-/),032w+7$L576!8!9%<;r� Xk_0; ("%'�?p57$o'&�! =? ),2, (<;r 6!<&M[8!+W578! =9/)1'*)W9!$LM[T, ;8�'& ;03�!8%MNzw6! ,r�),<O57"!"�57<L ;9�'&5e6!<&M[8!+
9!M +  ($& ;8Q's'* (03�!8!M[z46% ;<s?p57$� b),03��-/),032w+7$L576!8!9�'BP4"a >),<sMN8D'*�% x"%$& ('*),+W),8/),EnP4<&MN<(G

���! u'*),+7+7 (9�-!),032w+7$&576%8!9� ;<K'*M[V�)1'& jMN<=-/),<L ;9�5,8�)�9/)1'*)v9!$LM[T, ;8�'& ;03�!8%MNzw6! �51?o ;<K'*M[V�)1'&MN8!+
'*�% .'3),+7+,MN8!+±$&)1'* (<#5,?O+7 (8! ;$LMN0 . /o� V#6!E['&M mL X'J"!$L5_9%6!0('&MN578�r �� D6!<L �'&�! ."!$L ('*),+ -/),032w+7$&5,6!8!9
 ;<K'*M[V�)1'& S)1<.)�8%57$&Vu),ENM[�b)1'&MN578�?p5,$u'*�% �'3)1+�$*)y'* ;<u5,?H'*),+7+7 (9 EN ("%'*578/�H'&$*),032�<L ;EN (0('& ;9  (T, ;8Q'*<(G
F_ XT7 ;$&),Eg0(57$&$L ;0X'*MN5,8!<>'&5�'*�% .9/)1'*)�9!$LM[T7 (8� ;<K'*M[V�)1'& u8% ; ;9�'&5S-� �Vu),9! e?p57$>'*),+7<=?p$&57V $*)$ r@)18!9
? ),21 ;<;G F_M[V#6!EF)y'* ;9D XT7 (8w'&<�)1$& =6!<& (9�'&5W (<L'&MNVu)1'* H'&�! =<&MN�( =5,?�'&�! =0;57$L$& (0('*M[578!<(G

²%®
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�� R6!<& x)j9/)1'*)#9!$&MnT7 ;8v-/),032w+7$L576!8!9�'* (03�!8!M[z46% ='&5e ;<L'&MNVu)1'* ~'*�! H'*),+7+7 (9v-!),032w+7$&576%8!9!<;G /g�/),"4q
'* ($;/� Xk_"!EN),MN8% ;9#'*�% �0;578!0( ;"%'c51?a"�57<LM['*MnT7 �)18!9j8! ;+7)1'*MnT7 g'*),+7<;r7As�%MN03�W),$& gMN8Q'* ($&"!$L ('* (9j'*5R-� g'3),+,<
5,?aEN578%+RENM[T, ;9��ª�/),9!$L578!<t),8!9 �LVWMN<K'3),+7<  !r757$@VWMN<K'3),21 ;<c9!6! �'&5x$L ;<L57EN6%'&MN578j -+  (0('&<;r4$& ;<L"a (0('&M[T7 (E[P,G
��5,<&M['&M[T, �),8%9�8! (+Q)1'*MnT7 s'3),+x$*)y'* ;<t5,? +7 ;8! ($&M[0 . /o�^mL X'*<g),$& �?p576!8%9u'*5>-a O9! ("a (8!9! ;8Q'g578uI!T, cmL X'
zw6/),8Q'*Mn'*M[ ;<;r¯mL (' ����r%'*�! R8w6!VJ-a ($�5,?�'*$*)10324<sM[8.'*�! CmL X'brymL X' 0ar%'&�! R8w6!V#-� ;$�5,?�"!$LMNVu),$LPWT7 ($L'&MN0; (<
MN8 '*�% u XT7 ;8Q';r@),8!9 '*�! e'*5,'*),E@<&0;),EF)1$x<L6!V 5,?C'*�! �-�^5,?�),E[E`'*�! HmL ('&<>M[8 '&�! W (T7 (8Q'br�As�!M[03��AC 
0b)1ENE�<L6!Vjq 	 ��G �� e"/),$&),Vu X'* ($&MN�( J'*�% e'*),+�$*)1'& ;<R5,?C+7 (8! ;$LMN0&. /o� mL X'*<x),<=).?p6!8!0X'*M[578 5,?C'&�! ;<L 
I!T, uzw6/),8Q'&M['*M[ ;<(Gj���! ;<L u"/)1$*),VW ('& ;$&M[�b)1'&MN578%<R),$& j'& ;$&VW ;9 �K'*),+�V�)y'*$&M[0; (<� !G#���% u+7 (8! ;$LMN0&. /o�
mL ('H<*),VW"!EN (<H6!<L ;9 '*5D-!6!M[EN9S'&�! jVu)1'*$LMN0; (<�0(578Q'3),M[8:$& b)1E�'3),+,<�?p$&57V�� �/),9!$L578:9! (0b)bP4<;r�),<HAC ;ENE
),<eVWMN<L'*),+7<(G F_5:Ag v0b),8�6!<L v'&�! �"a57<LM['&M[T7 .'*),+ V�)y'*$&M�k�'&5� (<L'&MNVu)1'* .'&�! �846%V#-a ($e5,?~'*),+7+7 (9
 (T, ;8Q'*<CMN8j576%$@9/)1'3)1<& ('c?p$L57V -!),032w+7$&576%8!9�"!$L5_0( ;<L<& ;<cAsM['&�j'*�! �<&),Vu oI!8/),E/ (T, ;8Q'C<&MN+,8/)1'*6%$& ,rw)18!9
VWMN<L'*),+7<o-!),<& (9S578D'*�% omL X'*<sMN8�"!$L ('*),+u XT7 (8w'&<;G

���! J'*),+�$&)1'* >V�)1'&$&M[0; ;<O),$L J57-_'3),M[8! ;9�-wP� Xk%),VWMN8%MN8!+u),ENE_mL X'*<OAsM['*�S6!8!0;5,$&$& (0('& ;9umL ('"�-� �
®4! CR UO HuAsM['&�!MN8 '&�! ±I/9!6!0(MF),E~T757E[6!Vu :51?>'&�! :<&M[ENMN0(578 9! X'* (0('*5,$&<���. 01.�R $4G25!G«¬ 6%$L'*�% ;$>mL ('&<
),$L #$& (z46%MN$& (9:'*5D�/)bT7 W)1'HEN b)1<L'H'BAC5D'*$*)10324<H'&�/)1'R"!),<&<H'&�! #'3),+,+7MN8!+�z46!),ENMn'BP�0(6%'*<=9! (<&0($&MN-� ;9 M[8
F_ (0('*M[578 /_G[®,r�<L5�'*�!)1'xM['xMN<="�57<&<LMN-!E[ e?p5,$='&�! HmL ('x'*5v-a e'3),+,+7 ;9�Gu���! u'*),+v$*)1'& uVu)1'*$LMN0( ;<H'*�% ;8
),$L =I!ENEN (9.AsM['&��'&�! =?p$*),0X'*MN5,8D5,?`)1ENE '*),+7+Q),-%EN tmL X'*<;r!As�%MN03�±)1$& RMN8D? ),0X's'3),+7+, ;9�r/)1<~)#?p6!8%0('*M[578�5,?
'*�% =I%T7 =V�)y'*$&M�k."!),$*),VW ('& ;$L<;G �� x6%<& R'*�! R'*),+e$*)1'& RV�)1'&$&M�k.-QPDzw6! ($LP4MN8!+e'*�% xVu)1'&$&MnkW?p57$� ;),03�
mL ('oMN8�),E[Ea"!$L ('*),+7+7 (9v0;),8!9!M[9/)1'& H (T, ;8Q'*<(ra)18!9�+7 ('L'*MN8%+j)J'3),+j$&)1'* ~?p57$g'*�!)1'�mL ('s-!),<& (9v5,8.'*�! CmL X'
zw6/),8Q'*Mn'*M[ ;<��%mL X'(�-��r%mL (' 0�r '&�! e846%V#-a ($R5,?t'*$*)10324<=M[8±'*�! �mL (';r�),8!9 <&6%Veq 	 ��GJ���! (<& e'3),+�$&)1'* (<
),$L W0(57V#-!M[8! ;9:'&57+7 ('&�! ;$R'&5�I!8!9�)18� (8!<& (V#-!EN e"!$L ;9!M[0('& ;9�8w6!VJ-a ($x51?C'*),+7<H?p57$R'*�% W"%$& ('*),+7+7 (9
mL ('O<&),Vu"%EN ,G
K���_�XZe\`S`WNhX#QSN � �"! k$NnR\_�O QWM�RaQ QSM�N$#dN1Q�X1er`W`SNnX1QWUVe\_�O ��NnOSX1`SUVlmN �GUV_&%jNhX#QWUVe\_&'�v 3 v 3 R\_ ��QSM�N (�"! XZe\`S`WNhX#QSUqer_�O,QSe

#dN1Q O ��NhOWXZ`WUVlmN ��UV_�%jNnX1QWUVe\_)'�v '$Ra`SN _�eaQ R+*,*�[qUVN � v
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���! O-/),032w+7$L576!8!9u5,?a'&�! �'3),+,+7 ;9W9!MNE[ ;"%'&578j<*)1Vu"!E[ �0b),8W-� O5,$&+Q),8%MN�; (9eMN8Q'*5R'BAC5J"/),$K'*<(G`���! �I/$&<K'
MN<=Vu),9! W6!"�51?�"!$&540; (<&<L ;<>AsMn'*��)�9! (0b)bP <&MN+,8/)1'*6%$& e<&M[VuM[EF),$�'&5�'&�! u<LMN+78!),E $*)$  (T, ;8Q'*<(r@<&6!03��)1<
d � � ) �  (T, ;8Q'*<(r ),8!9.VWMN<K'3),+7<(G �B8�'&�! =d:� � ) � 0b),<L ,r!VWMN<{qBVW b),<L6!$& (Vu (8Q'C51?�<&57VW �57-wmL ;0('gEN ;),9!<C'&5
? ),E[<& v��-��G �B8�'&�! =VuM[<L'3)1+W0;),<& 1r )�mL ('OM[<s? )1EN<& (E[P�MN9! (8w'&M[I/ (9S)1<~�/)bT4MN8%+u0(57Vu R?p$L57V )����/),9%$&578�G
���! R<L ;0;5,8!9�0;)1'* (+757$KP�5,?�-/)10324+,$&576!8%9v XT7 (8w'&<�)1$& �? ),21 ;<(r!As�! ;$L =)OmL ('sMN<t? ),EN<L ;EnP�M[9! ;8Q'*MnI/ ;9�)1<�)
"!$LMNVu),$LPu57$o'*$&),032DEN ("%'*5,8�G

���! .'3)1+±$*)1'& .Vu)1'*$LMnk '* (03�!8!M[z46% D5,?s ;<K'*MNVu)1'&MN8!+�-/),032w+7$&5,6!8!9!<j$L ;ENM[ ;<>578�'*�% �),<&<L6!Vu"_'*MN5,8
'*�!)1'o'*�% H'3),+j$&)1'* RVu)1'*$LMN0( ;<�),$L R),"!"%ENMN (9.'*5j+7 (8! ;$LMN0tmL X'*<�"!$L5_9%6!0; (9vT4MNz . /o�	M[8Q'* ;$&)1'*M[578!<(r_'*�% 
<*)1Vu #'BP4"� W51?�mL X'*<R'*�/)y'x),$& j6!<L ;9 '*5�-!6!M[EN9±'&�! eV�)1'&$&M[0; ;<(G#���! ($& (?p5,$& ,r�6!<LMN8!+D'&�!MN<RVW ('&�!5_9 M[8
9!M[EN ;"_'*578 '*57"^<&),Vu"%EN ;<>$& (z46%MN$& (<#0;5,$&$& (0('&MN578!<x'*5S'&�! . lk%"� ;0X'* (9°8w6!V#-� ;$>5,?s-/),032w+7$L576!8!9^'*),+7<;r
��� +�'�� ���wr`?p57$><& (T, ;$&),E� +a ;0X'*< 9�¬�MN$L<L';r�'*57"�<&MN+,8/),Et (T7 (8Q'*<eV�)12, .6!"�)±0(578!<LMN9! ($*),-!E[ �"�57$L'&MN578�5,?
'*�% W"%$& ('*),+v (T7 (8Q'*<;r`),8!9 <&�!576%EN9 8!5,'x0;578Q'&$&MN-%6%'* e'*5D'*�% u-/)10324+,$&576!8%9� ;<K'*M[V�)1'&MN578 G*F_ ;0(578!9�r�)
"�57$L'&MN578v5,?`'&�! >? ),21 ;<H-!),032w+7$&576%8!9:MN<O8!5,'~9!6! x'*5.+7 (8! ;$LMN0 . /o� "!$&540; (<&<L ;<;r�-%6%'R),$L $*)$ 9% ;0b)bP4<
MN8�'*�! �EN ("%'*578 � mL ('&<�03�/),8%8! ;E]G �g (0b),6%<& ±'*�% ;<& $*)$  (T, ;8Q'*<D9!5�8!5,'u�/)bT7 S'&�! S<&),Vu v'3),+,+7MN8!+
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